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ABSTRACT 
Abstract of the thesis submitted to the Aligarh Muslim University, AUgarh, 
India for the Degree of Doctor of Philosophy in Botany. 
Four pot experiments were conducted on Cicer arietinum L. during the rabi 
seasons of 2006-2009 at the net house of the Department of Botany, Aligarh Muslim 
University, Aligarh, India. All the experiments were carried out according to factorial 
randomized block design. The results are briefly described below. 
Experiment I was conducted to assess the effect of three water treatments (GW, 
50%WW and 100%WW) together with different nitrogen levels (No, N15, N30, N45). 
The aim of the study was to obtain the optimum dose of nitrogen with wastewater 
determined on the basis of growth and physiological parameters studied at vegetative, 
flowering and fruiting stages while the yield characteristics and protein content were 
determined at harvest. The design of the experiments was factorial randomized block 
design. Growth characteristics determined included root and shoot length, plant fresh 
and dry mass, leaf area, nodule number and their fresh and dry mass. The 
physiological and photosynthetic characteristics were leghemoglobin content in the 
root nodules, chlorophyll content, carbonic anhydrase and nitrate reductase, NPK 
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coatents in the leaves, photosynthetic characters including net photosynthetic rate, 
stomatal conductance, transpiration rate, water use efficiency and internal CO2 and 
finally at harvest yield characteristics determined included number of seeds per pod, 
number of pods per plant, 100 seed weight, seed yield and protein content. 
Maximum increase in the growth and photosynthetic characteristics were 
observed under wastewater irrigation viz., 100%WW. Among the fertilizer treatments 
N30 proved better while the higher dose could not increase it further but instead 
decreased the said parameters and resulted in decreased yield and toxicity was even 
more severe under this treatment when given along with wastewater. However a 
comparatively lower fertilizer dose of nitrogen in combination with wastewater (100% 
WWxN 15) proved optimum for most of the parameters studied including the yield and 
the protein thereby showing some economy of nitrogenous fertilizers. 
Experiment II and III were conducted simultaneously during the winter season 
of 2007-08 on the same crop. In experiment II four levels of phosphorus (0, 20, 40 and 
60 kg ha"*) were tested with uniform basal dose of N at the rate of 15 kg ha'' obtained 
from experiment I while K at the rate of 20 kg ha*'. Better grov^^ h and development 
including nodulation, photosynthesis and seed yield was observed under wastewater 
irrigation with maximum values recorded for 100%WW. Among the phosphorus doses 
P40 proved best while Peo was luxurious. The combination 100%WWxP4o proved 
optimum combination and resulted in improved growth, nodulation, NPK contents and 
photosynthesis which finally led to increase in seed yield and the protein content. This 
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optimum combination was similar in its effect with higher phosphorus (Peo) dose 
together with GW again indicating the higher requirment of P if the crop is irrigated 
with GW. 
While in experiment III, potassium treatments (0, 20, 40 and 60 kg ha'^) were 
also given along with the fixed basal application of nitrogen at the rate of 15 kg ha' 
and phosphorus at the rate of 20 kg ha''. Here also the wastewater proved efficacious 
with better growth and development. The potassium dose K40 proved optimum for 
most of the parameters including seed yield however, maximum protein content was 
obtained under Kgo- Among the interactions, 100%WWxK2o was optimum 
combination resulting in increased growth, development and yield of the crop. It was 
concluded from these three experiments that application of wastewater seems to pose 
no harm to the crop and instead could supplement if not fully at least partly the 
nutrient requirement of the crop. 
The experiment IV was conducted in the rabi season of 2008-09 to evaluate the 
performance of the same crop under different combinations of fertilizers obtained from 
the experiments I-III. Wastewater again proved effective in increasing the plant growth 
and physiological characteristics and there by the yield and protein content. Among 
various fertilizer combinations, N30P60K40 proved more effective in increasing nearly 
all the parameters studied and also proved good for the quality in terms of protein 
content. However when interactions with wastewater were analyzed two combinations 
100%WWxNi5P4oK4o and 100%WWxN,5P6oK2o proved equally effective for yield as 
Abstract 
well as protein content. 
The presence of some pathogenic bacteria like coliforms, salmonella, shigella 
may be a cause of concern if used to irrigate vegetables especially those which are 
eaten raw however, the farmers have to be informed to take due care while growing 
and selecting the crop for cultivation. Four heavy metals Cd, Ni, Cr and Pb were 
undertaken for the analysis because they are the main constituents of local lock and 
electroplating industrial effluents. Except Ni, the rest of the three were also within the 
permissible limit. The texture of the soil was sandy loam and also contained some 
essential nutrients like N, P, K, Mg, Ca, CI including four heavy metals Ni, Cr, Cd and 
Pb which were also analyzed in wastewater. The pH of the soil was alkaline which is 
considered suitable for the availability of macro nutrients. 
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CHAPTER I. INTRODUCTION 
Food is the most basic of all human needs and so agriculture in broadest sense 
will remain the most important human activity. Today it is the most extensively 
managed ecosystem of the earth. It may be significant to note that land use for 
agriculture stands at about 11% of the total land area and about 26% for permanent 
pasture (WRI, 1994). Exploitative food production offers great dangers if carried out 
with only an immediate profit or production objective. Therefore, the emerging 
greedy farming community in India should be properly informed as intensive 
cultivation of land without conservation of soil fertility and soil structure would 
ultimately lead to its degradation. Thus, there is a need to emphasize that yield 
improvement should be environmentally sustainable and as the natural resource base 
is shrinking day by day due to the degradation from intensive cultivation with high 
external inputs, the arable lands are being taken out of cultivation at a very faster rate 
for urbanization and infrastructure development. The big challenge, therefore faced by 
global community is how to reconcile global food production with growing demands 
and shrinking resources within the limits of acceptable degradation of natural 
resources. 
The problem of water shortage and its improper use pose challenges to self 
sufficiency in food production. Of the current list of 30 or so countries that have per 
capita runoff of less than 1,700 m^ per year, almost all are net importers of more than 
20 percent of their grain requirement. The net import of these water deficient 
countries already exceeds 25 percent of the global grain trade (Postel, 1999). If 
countries like India and China with so much of their population join the water deficit 
group in couple of decades, the strain on the exporting countries may certainly 
become unsustainable. Despite growing concern over water shortages and food 
security, irresponsible overuse and misuse of water continue unabated even in water 
stressed countries including India. 
1.1 Soil fertility, nutrient management and judicious use of fertilizers 
The maintenance of an adequate supply of nutrients to crop is one of the most 
basic and vital requirements for sustained crop growth and productivity. Agro 
ecosystems are by their nature, perturbed systems. They export large quantities of 
Chapter I 
nutrients in crop biomass and therefore, require large inputs regardless of internal 
cycling (Hendrix et al, 1990). In addition, the crop growth rate is generally much 
higher and hence decline in the soil fertility is faster in agro ecosystems. Therefore 
sufficient quantities are required in the form of fertilizers to recover these exported 
nutrients outside the cultivated land. Further, nutrient depletion may also occur 
through the removal of various nutrients after crop harvesting due to erosion, runoff, 
leaching and so on. 
Thus, for sustainable crop production, adequate level of inputs like inorganic 
fertilizers, organic manure and irrigation water finds great significance and their 
improper management has been the cause of land degradation and envirormiental 
pollution. It needs to be emphasized that the amount of external inputs needed is 
guided by efficiency of their use. Nitrogenous fertilizers are comparatively more 
misused inputs in agriculture and both under use and over use are wide spread. This 
indiscriminate use often leads to wastage and runoff causing pollution to surface and 
ground water leading to accumulation of certain nutrients. The choking of water 
bodies with algal bloom, causing oxygen deficient envirormient which is lethal to 
flora and fauna, is also a serious problem. The availability of fertilizers and prevailing 
policies of subsidizing inputs to boast agricultural production have led to farmers 
ignoring the efficiency factor. Often the blanket doses of fertilizers are recommended 
without concern what quantities of nutrients are needed during crop growth and when 
regardless of their availability to roots in accessible forms. Thus efficient use of 
fertilizers is essential for maintaining the soil quality, fertility and productivity. 
However, it is not easy to provide plants with exactly adequate amount of 
nutrients and the task becomes much more difficult due to various interactions 
between them. On the one hand, nutrients have their individual specific fiinctions and 
on the other there are also some common functions as well as interactions. These can 
be positive or negative. Where the nutrient interaction is synergistic, their combined 
impact on growth and development is greater while in antagonistic interaction, their 
combined impact is lower than the sum of their individual effects and these are caused 
mainly by imbalanced nutrient supply and suboptimal nutrient ratio's necessary for 
normal growth and development. Therefore, from practical point of view, many 
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unwanted antagonistic interactions can be avoided by balanced nutrient supply. The 
soundness of a nutrient management program can therefore be judged from the extent 
to which it is able to harness the benefits from positive interactions for several pairs of 
nutrients and other production inputs including irrigation water. 
1.2 Water and its availability in India 
Of the total water found on the earth, 97.6% is in the oceans and is unfit for 
agriculture, human and animal consumption or even industry and about 1.9% of the 
fresh water is in the glaciers and ice bergs and is also not easily accessible and only 
about 0.5% of the water is in the ground, rivers and lakes etc is available 
(Cunningham and Saigo, 1995). Rainfall over land is the main source of fresh water 
fit for the agriculture and human consumption. Out of the annual rainfall, a good 
amount of water evaporates back into the atmosphere which is called "Green Water" 
and is the source of water for all non irrigated vegetation including forests, wood 
lands and rain fed crops. After allowing for evaporation from continental rainfall 
nearly 40,000 billion m'' of fresh water enters lakes, reservoirs, streams and aquifers 
in active exchange with the surface waters. This is called "Blue Water". It is not only 
unevenly distributed but also transient as it also evaporates or flows into unusable 
water sinks such as sea or salt pans. While the remaining surface water is also not 
wholly accessible, as it flows to remote inaccessible destinations where it is not in 
demand and sometimes also polluted during its flow as a result of the anthropogenic 
activities. (FAO, 1996; Rosegrant, 1995). 
India is a developing and industrially fast growing country. It is one of the 
most densely populated land space of the earth. A few monsoon months starting from 
June to August bring copious rainfall. Its land area of 3.29 million km^ has an annual 
precipitation of 117 cm. Out of this 4000 billion m^ of rainfall due to limitation in 
storing the flood flows of the monsoon rain, only 690 billion m^ of surface water and 
450 billion m ground water remain fit for use. But due to uneven distribution of 
water availability over time and space we have typical flood-drought syndrome 
prevailing in several parts of the country and against these estimates of water 
availability, we have the demand projection of around 1000 billion m'^  with in next 
few years (Reddy, 1993). 
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1.3 Wastewater management in India 
Of the total water used in the country, agriculture is the largest user 
approximately 70%, followed by industry approximately 20% and domestic use 
accounts for the remaining 10%. Many of the things we use in our daily life requires 
large amount of water to manufacture and about 80% of the water used by industries 
is for heating and cooling processes. Practically all industrial uses end up polluting the 
water used and only a small fraction of water used is actually consumed. Due to fast 
urbanization, industrialization and agricultural activities demand for water is 
increasing steeply, water resources are shrinking rapidly while the continuous 
discharge of the wastewater in water bodies is polluting the water bodies badly. 
According to the Central Pollution Control Board of India (CPCB), the total 
wastewater generated by industry in 2004-05 was 26,254 ML/d. The actual figure is 
likely to be more. With the industrial growth and GDP growing at about 8-9% per 
year, water consumed by industry is likely to be even higher than the previous year 
and thus the generation of wastewater too. Similarly the figure for the domestic 
sewage generated in India was about 26,254 ML/d from urban centre's including 921 
class I cities and class II towns in India housing more than 70% of the urban 
population while the municipal wastewater treatment capacity developed so far in 
India could handle only about 7,044 ML/d accounting for 27% of the wastewater 
generation (Bhardwaj, 2005). 
Many countries throughout the world are approaching or have already reached 
the limits of their available water supplies. Since agriculture involves the consumptive 
use of water, therefore, the use of additional water resources of marginal quality or the 
wastewater can increase the volume of water available for irrigation. Sufficient scope 
therefore, exists for conservative and sustainable use of water in agriculture and 
improvement in its equitable distribution among users by adopting a variety of 
measures such as: 
> Varietal improvement of crops for higher water use efficiency. 
> Effective soil water management. 
> Agronomic management and choice of the crops with low water budget. 
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> Need based or demand driven irrigation. 
> Using water of marginal quality. 
Our study, however was mainly concerned with the last one, i.e. the use of 
urban wastewater for irrigation and in many countries including parts of India it is 
already being used to irrigate the agricultural lands. The use of wastewater is a way of 
disposal with several advantages and also some disadvantages too. The wastewater 
contains a lot of nutrients which may increase the yield of the crop and at the same 
time may substitute or lower the fertilizer requirement of the crop and simultaneously 
serve as the source of water as well which was the basic objective of the present study 
in addition to test it for commonly grown leguminous crop instead of vegetables. 
The selection of crop to be grown under such conditions is also important. In 
this regard cultivation of pulse crops may be considered to be of enormous 
importance because they can fix sufficient nitrogen with rate of fixation going even 
up to 100 kg ha'' (Pepper, 2000). In addition they are the source of protein for human 
nutrition. Though India is a major pulse growing region of the world, their cultivation 
has not increased in proportion to the population explosion. Thus keeping in mind the 
above mentioned considerations, the present study was undertaken with the 
hypothesis that the chickpea could be grown profita:bly using minimal inputs of 
fertilizers due to the wastewater and also being a nitrogen fixing crop. To test the 
hypothesis four pot experiments were carried out during the years 2006 to 2009 with 
the aims: 
> To test suitability of the wastewater for irrigation and to optimize the levels of 
N, P and K (Experiments I-IV). 
> To test whether the wastewater could substitute the ground water as a source 
of irrigation water and if any dilution before irrigation is required. 
> To test whether wastewater could supplement the inorganic fertilizer and some 
fertilizer saving could be achieved. 
> To test the feasibility of the wastewater for irrigation by analyzing it for heavy 
metals and microbes. 
CHAPTER II. REVIEW OF LITERATURE 
As already stated in Chapter-I agriculture is the largest user of fresh water 
globally and is one of the major cause of the degradation of the surface and ground 
water. Agriculture has become the largest non point source of pollution except for the 
water lost through evapotanspiration, agricultural water is recycled back to the surface 
and ground water. The expansion of irrigation and steadily increasing use of fertilizers 
and pesticides to sustain higher yields have had an adverse impact on both the 
production and environment. In order to conserve the precious resource of fresh 
water, it has become necessary to control the pollution created by agriculture and 
allied operations. 
The precarious situation with regard to the supply and demand of water 
globally, and more particularly in the populous developing countries, requires that 
measures for the conservation and sustainable use of water be strengthened. 
Agriculture today is faced with the challenge of having to produce more from less 
water. This along with the environmental destruction and socio economic cost brought 
about by unsustainable use of water in the past, requires that more grain per drop of 
water, environmental conservation and social responsibility for the sustainable 
development becomes the mantra of this century. 
Agriculture does not always need water of very high quality therefore, slightly 
brackish water and marginally treated municipal wastewater can be used for irrigating 
crops and this actually is a good option to improve the productivity and in many 
studies world wide, the use of wastewater as a source of irrigation and nutrients has 
actually been introduced as viable alternative for sustainable use of water and 
environmentally sound wastewater disposal practice compared to its direct disposal to 
land and surface water bodies. Keeping in view the agronomic and environmental 
aspects this review was under taken to: 
> Present the overview of the effect of wastewater on Cicer arietinum L. used as 
test crop during our study, some other leguminous crops and non leguminous 
crops. 
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However, the plant nutrition only through wastewater can not meet the high nutrient 
requirement of the crop and thus supplemental fertilizer needs to be added so as to get 
the optimum yield. Therefore, the present review was also under taken to: 
> Present the role played by fertilizers mainly nitrogen, phosphorus and 
potassium in increasing the yield of chickpea. 
2.1 Effect of wastewater on Cicer arietinum L. 
Srivastava and Sahai (1987) at ecological research laboratory (Gorakhpur) 
conducted the study to evaluate the effect of distillery effluent applied in 
concentrations 1, 2.5, 5, 10, 25, 50, 75, 100% and control on germination, growth, 
reproductive capacity and yield. They reported a decrease in the percentage and speed 
of germination of seeds with an increase in the effluent concentration and at 100% 
concentration the seeds could not germinate. Shoot length was maximum at 5% of the 
effluent concentration while maximum root length was observed at 2.5%. A gradual 
increase in the root and shoot length, leaf area, biomass, net primary productivity, 
pigment content, reproductive capacity, seed output, seed weight and seed protein 
content was observed from control to 5% concentration and thereafter, a decrease was 
observed. Thus, they finally concluded that effluent concentration up to 5% 
concentration was beneficial and therefore could be used as a liquid fertilizer. They 
were of the opinion that the excessive concentration of soluble salts and high BOD in 
the higher effluent concentration could be responsible for this decrease. 
Gagan et al. (1989) conducted this experiment to find out the potential of 
recycling of sewage sludge irradiated with gamma rays to utilize it as a fertilizer, 
using chickpea as test crop. The study was carried out in pot cultures and the effect of 
gamma irradiated and un-irradiated sewage sludge was compared to plants grovra 
without sludge. They reported significant reduction in the root length, fresh and dry 
weights of plants grown in soil amended with un-irradiated sludge. This inhibition in 
growth however, was nullified when the plants were grown in soil supplemented with 
gamma irradiated sludge suggesting that the gamma irradiation induced inactivation 
of toxic substances in sewage sludge. They fiirther reported that the protein content of 
the plants grown in soil supplemented with gamma irradiated sludge was significantly 
increased compared to those grown with un-irradiated or no sludge after 45 days. 
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However, no significant effect of gamma irradiated sludge on shoot length, total 
soluble sugars, starch content and yield of chickpea plants was observed. They finally 
suggested recycling of gamma irradiated sludge for agricultural purpose showing the 
possibility of its safe and beneficial use. 
Shukla and Pande (1991) observed the negative impact of wastewater from 
acid manufacturing industry on seed germination of three crop plants. At 25% effluent 
concentration, seed germination and seedling length of maize, mungbean and 
chickpea was 86, 32 and 55% while at 50% it was 52, 12 and 15% respectively. 
Germination was 100% in distilled water. Agarwal and Gupta (1992) investigated the 
effect of nitrogenous fertilizer factory effluent on seedling growth and biochemical 
properties of chickpea and mustard and reported the deleterious effect of the effluent. 
They observed that the inhibitory effect was more pronounced on radicle than 
hypocotyl. They further reported a significant decrease in the pigment concentration 
of the seedlings due to effluent. 
Sharma and Habib (1995) at Bareilly, studied the effect of rubber factory 
effluent on different cultivars of five rabi crops viz. wheat (Triticum aestivum) var. 
RR-21 and UP-262, gram {Cicer arietinum) var. PG-114 and C-235, pea {Pisum 
sativum) var. auricle and P-5, mustard (Brassica campestris) var. varuna and T-59 and 
barley {Hordeum vulgare) var. Jyoti and BG-39. They observed that concentration of 
Mg in the straw and dried hay of all the cultivars irrigated with effluent mixed 
wastewater decreased. Also the percentage of Ca, K, PO4, total nitrogen, crude protein 
and ether extract was significantly lower in seeds of the effluent treated cultivar C-
235 of gram. During the same year, Shivhare and Pandey (1995) at Raipur (India) 
after observing the effect of copper ore effluent on the percentage germination and 
seedling height of gram, vigna, wheat, maize and paddy rice reported that the 
response of these parameters to effluent was concentration dependent. They observed 
that 50% effluent was favourable while 100% showed the deleterious effect. In their 
opinion this kind of response of effluent was due to the presence of xanthate which 
was present up to the level of 143 mg/1. 
Shukla and Moitra (1995) at Shillong soaked the seeds of gram {Cicer 
arietinum), black gram {Vigna mungo), maize {Zea mays) and rice {Oryza sativa) in 0, 
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25, 50, 75 and 100% concentration of steel plant effluent. Seed gennination and 
seedling growth of all the crops decreased with an increase in the effluent 
concentration while lowest tolerance limit to effluent was observed in case of maize. 
While taking ten different crops Singh and Bahadur (1995) at Pantnagar conducted a 
petriplate experiment to study the effect of distillery effluent on number of crops 
including rice, wheat, blackgram, greengram, pigeonpea, lentil, mustard, soybean, 
maize and chickpea. No germination was reported in 100% effluent in crops tested 
while maize, rice, mustard, blackgram, pigeonpea, soybean, and chickpea germinated 
under 20% effluent and seeds of greengram germinated normally up to 50% of the 
effluent concentration. In case of wheat, seeds were more sensitive to 50% while the 
germination of rice and lentil was adversely affected at 50% level. Aziz et al. (1996a) 
at Aligarh studied the long term effect of effluents from petrolium refinery of Mathura 
under field conditions on six crops including chickpea and agricultural soils. They 
observed that wastewater irrigation increased the seed yield of all the crops viz. 
wheat, triticale, chickpea, lentil and pigeon pea except that of summer moong. 
Ghosh et al. (1999) at Patna conducted this experiment to study the effect of 
various concentrations of distillery effluent on germination of pea (Pisum sativum), 
gram {Cicer arietinum) and black gram {Vigna mungo). In gram and pea, the 
percentage germination increased up to 75% of the effluent concentration and up to 
50% in blackgram. Plumule and radicle growth generally increased up to 50% or 75% 
effluent and then decreased. In their study, the root shoot ratio was also decreased 
with increasing level of effluent concentration. 
Kumawat et al. (2001) at Ujjain while taking wheat and chickpea as test plant 
in their experiment using 0, 25, 50, 75 and 100% base and caustic yellow dye effluent, 
reported that higher effluent concentration decreased the germination, root and shoot 
length and dry matter production of the two crops tested. On the other hand, marginal 
increase at lower concentration of 25% was observed. They suggested that proper 
crop cultivar selection should be considered before effluent use. 
El-Hadrami et al. (2004) during their study revealed that the traditional and 
industrial olive mill wastewater (OMW) samples were mildly acidic (pH = 4.10 -
4.50) and with high conductivity of 18 to 56 ms cm"'. The chemical oxygen demand 
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(COD) ranged from about 250 to 600 gm L'' while biological demand of oxygen was 
about 3.05 to 3.39 gm L''. The two OMW samples also showed significant difference 
in contents of many other chemical elements such as sodium, chloride, phosphorus 
and soluble and bound phenolic compounds. The experiments were carried out in 
petridishes using seeds of durum wheat, maize and tomato and in order to evaluate the 
OMW effects and green house experiments were also performed using wheat, maize 
and chickpea as test crops. After pre-treatment within the petridishes, plantlets were 
transferred into the green house in plastic bags containing 2.5 kg of soil mixed with 
sand and peat (2:1, v/v). Two plantlets per pot and three pots per treatment were used. 
Results revealed significant differences in germination ability among different crops 
when treated with OMW or aqueous phenolic extracts of OMW solutions. Maize 
showed a high germination index up to 25% of OMW whereas chickpea was also able 
to germinate in the range of 25 to 50% of OMW but in contrast the germination in 
wheat and tomato was noticed up to 15 and 5%o of OMW respectively. Significant 
qualitative and quantitative differences of some stress indicators such as phenolic 
compounds, peroxidases, chlorophyll contents were also detected. The reduction of 
chlorophyll contents was reported to be accompanied by 3 to 5 times stimulation of 
peroxidase activities. Phenolic compounds accumulation up to 1.25 to 7 times was 
also observed for OMW treated plants compared to controls. 
The effect of untreated and treated olive mill wastewater (OMW) on seed 
germination, plant growth and soil fertility were studied by Mekki et al. (2006). 
Tomato {Lycopersicon esculentum), Chickpea (Cicer arietinum), bean {Vicia faba), 
wheat {Triticum durum) and barley {Hordeum vulgare) were tested for germination 
index and growth in soil irrigated with OMW. The results showed beneficial effects of 
using treated OMW and the plants showed an improvement in seed biomass, spike 
number, plant growth and a similar or even better dry matter productivity than plants 
irrigated with water. Inhibition in the seed germination, leaf necrosis and low 
productivity was reported with untreated olive mill wastewater. 
Rija et al. (2005) at Karachi University in Pakistan conducted this study to 
find out the changes in biochemical properties of Vigna radiata, Cicer arietinum and 
Lens culinaris after irrigation with sewage wastewater at alternate day's up to a period 
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of four weeks. All the biochemical parameters i.e. chlorophyll, protein and 
carbohydrate content showed a considerable increase in treated samples than the 
control. Nawaz et al. (2006) also in Pakistan at Rawalpindi conducted a petriplate 
study to evaluate the effect of three different industrial effluents on seed germination 
and early growth. Water samples were collected and two different varieties of Cicer 
arietinum (P-9 and P-2000) were selected to grow in these effluents. Physico-
chemical parameters (pH, temperature, dissolved oxygen, conductivity, turbidity, total 
dissolved solids, total suspended solids etc.) of these samples were analyzed. Both 
varieties were grown in different dilutions of effluents. With the increase of the 
effluent concentration, growth was found to be more affected in Koh-e-Noor mill 
effluent while less effect was observed in Marble and Attock refinery limited (ARL) 
effluents. Percentage germination of variety P-91 in Koh-e-Noor mill effluent was 
100% in all concentrations except in 80% effluent where germination was decreased 
to 93.75%. Minimum germination was recorded in ARL effluent at 80% level. They 
further reported decrease in the root length with the increase in the effluent 
concentration of Koh-e-Noor mill. However, an increase in the root length at 10% 
effluent was recorded which decreased to 62.32% at 100% effluent in var. P-91 while 
an increase in the root length was recorded in all concentration of marble industry 
effluent with the maximum increase recorded by 20% effluent and the minimum by 
40%. 
Garg and Kaushik (2006) at Hissar conducted a pot experiment to study the 
effect of textile mill effluent (treated and untreated) with 0, 6.25, 12.5, 25, 50, 75, 
100% concentrations on germination, delay index, physiological growth parameters 
and plant pigments of two cultivars of chickpea. At a low concentration of 6.25%, the 
textile effluent did not show any inhibitory effect on seed germination including other 
parameters (delay index, root and shoot length, dry weight, chlorophyll and 
carotenoid content) also followed the same trend, while at 100% concentration seeds 
germinated but could not survive at later stage. Furthermore, in treated effluents the 
two varieties had a lower rate of germination than the control. The germination in 
Channa No. 3 was 90%) in < 75%o of treated effluent and this variety showed better 
germination than Channa No. 1. They further reported the adverse effect of the 
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effluents on dry mass accumulation and at > 25% effluent, decrease in shoot dry 
weight was observed. They were of the opinion that probably the high salt content of 
the effluent was responsible for the reduction in dry biomass at 25, 50, 75 and 100% 
effluent concentrations while the better growth at lower concentration (6.25%) was 
due to the presence of nitrogen and some other essential mineral nutrients. 
Tannery effluents besides containing valuable nutrients also contain salts, 
heavy metals, pathogens and dyeing agents and because of lack of proper waste 
disposal, it is one of the most serious concerns to the environment. To determine the 
effect of tannery wastewater on some germination properties of wheat, maize, rice, 
chickpea, bean, soybean, sunflower and soybean seeds a study was conducted by 
Tayyar et al. (2008) in Turkey. A completely randomized block design experiment 
was carried out in petriplates. Four concentrations of effluent (1:0, 1:10, 1:40 and 
1:80) including tap water as control were analyzed for some physical and chemical 
properties. Effluent although was rich in some plant nutrients, but undiluted tarmery 
effluent (1:0) significantly decreased and inhibited the seed germination compared to 
remaining concentrations. 
2.2 Effect of wastewater on leguminous crops 
Sahai et al. (1985) at Gorakhpur conducted laboratory experiments to study 
the impact of various concentrations of distillery effluent on germination and growth 
of Phaseolus radiatus L. The effluent was reported to be highly acidic containing high 
amounts of calcium, chlorides, bicarbonates, nitrogen and total dissolved solids 
(TDS). They further reported decrease in germination percentage and speed of 
germination index with increasing effluent concentration. However, with 5% effluent 
concentration, considerable increase in respective lengths of root and shoot, plant 
biomass, net primary productivity, seed output and chlorophyll content was observed. 
They were of the opinion that the reuse of distillery effluent for irrigation would not 
only solve disposal problem but may also serve as an additional source of liquid 
fertilizer. While working at the same place, Mukherjee and Sahai (1988) further 
observed that the 5% of the effluent concentration provided the optimum condition for 
germination, seed output and dry weight of Cajanus cajan (Pigeon pea). Seedling 
establishment was 100% at 5% effluent and the maximum shoot length was recorded 
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at 2.5% concentration. Further studies were conducted by Sahai and Neelam (1987) to 
study the effect of distillery effluent mixed with fertilizer factory effluent on black 
gram and made more or less similar observations. Neelam and Sahai (1989) 
performed another study on Vigna radiata (Greengram) using the same effluent and 
reported marked increase in the respective length of root and shoot, plant biomass and 
N-uptake when plants were grown with 10% distillery effluent. Total N in root, stem 
and leaf increased even up to 30% of the effluent concentration. Jabeen and Saxena 
(1990) also at Gorakhpur observed that a lower concentration at 5% of distillery 
effluent and 2.5% of fertilizer factory effluent favoured the growth leading to 
increased dry matter, pigment and protein content in pea and suggested that after 
proper dilutions both wastewaters could be used as a source of nutrients. 
In an experiment conducted in pots at Bangalore, Pathmanabhan et a/. (1987) 
studied the effect of paper mill effluent on various varieties of groundnut (Arachis 
hypogaea) and reported that the pod number per plant, seed weight per plant and 100 
seed weight showed a reduction due to effluent irrigation and also revealed varietal 
differences. The dry weight of the leaf and stem at harvest decreased significantly due 
to irrigation in most of the varieties. Pathmanabhan and Udaiyakumar (1988) further 
reported that the paper mill effluent irrigation decreased the activities of carboxylating 
enzyme and nitrate reductase in groundnut {Arachis hypogaea) and finger millet 
{Eleusine coracana) seedlings grown in sand culture. The PEP carboxylase activity in 
finger millet suffered more reduction than that of RuBP carboxylase in groundnut. 
While large scale cultivation of sugarcane {Saccharum officinarum), paddy {Oryza 
sativa), wheat {Triticum aestivum), onion {Allium cepa) and ground nut {Arachis 
hypogaea) using treated effluent from Pudumjee Pulp and Paper Mills Ltd., Pune, 
confirmed that the lignin, polysaccharides and residual nutrients present in the 
effluent were helpful and increased the yield (Kulkamii, 1988). 
Deivasigamani et al. (1989a) at Annamalainagar, conducted studies on the 
effect of raw textile wastewater on blackgram {Vigna mungo). The raw wastewater 
inhibited all morphological growth parameters like shoot length, root length, number 
of nodules, number of leaves, leaf area and yield of blackgram and in yet another 
study (1989b) they reported that the seed hardening with CaCl2 checked the adverse 
13 
Chapter II 
effect of wastewater irrigation on growth and yield. Similarly seed hardening with 
CaCl2 has also been reported by Subramanian et al. (1990a) at the same place. They 
conducted the experiment to study the effect of pre-sowing hardening treatment under 
distillery effluent on growth and yield of blackgram (Vigna mungo). Growth 
parameters like shoot length, root length, number of root nodules, number of leaves, 
total leaf area and yield were reduced under effluent irrigation. For increasing the 
yield, they gave seed hardening treatment with CaCb which amended the adverse 
effect of wastewater by enhancing growth and yield to a certain extent. They further 
conducted another experiment (1990b) on the effect of same distillery effluent on seed 
germination and seedling growth of green gram {Vigna radiata). The studies were 
conducted in petridishes under different concentrations of effluent (10, 25, 50, 75, 
100%). Lower concentrations of effluent showed favourable effect on seedling growth 
whereas higher concentrations inhibited the viability and percentage of germination. 
The shoot and root length was found to be decreased with increase in effluent 
concentration. However, Somashekhar et al. (1992) reported that the concentration of 
distillery effluent had a direct bearing on the rate and percentage of germination in 
cowpea and fenugreek while biomass showed a decreasing tendency with the 
increasing concentration. Kannabiran and Pragasan (1993) while working on similar 
effluent at Pondicherry reported that the seeds of blackgram failed to germinate in 
undiluted effluent. Vijaykumari and Kumudha (1990) at Erode, also studied the effect 
of distillery effluent on seed germination and early seedling growth in blackgram 
{Vigna mungo) and greengram {Vigna radiata). They reported that the germination 
and seedling growth retarded with increase in effluent concentration. The effluent 
concentration at 2.5 was reported to be beneficial for overall growth of the plants and 
finally recommended the use of effluent after proper dilution. 
Thukral (1989) at Amritsar, performed a pot experiment to study the effect of 
tailings water irrigation on the biomass of green gram, cluster bean, millet, wheat, 
barley and mustard and reported decrease in dry weight of different plant parts and 
total dry weight. The crop worst affected was mustard in which total plant dry weight 
and dry weight of the fruits decreased. However, dry weight of the fruits increased by 
50% in clusterbean. 25.6%) increase in dry weight was also recorded in the spikes of 
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wheat. It was concluded that regular irrigation with tailings water retarded the growth 
of crop plants. Sharma et a\. (1990) performed pot as well as field experiments to 
study the effect of steel plant wastewater on some crops. Wastewater was applied to 
Linum usitatissimum (linseed) in the field and to Sesamum indicum (sesame) and 
Phaseolus vulgaris (French bean) in pots. The plants showed decrease in Ca and Mg 
and increase in P concentrations. Fe was decreased in sesame and French bean but 
increased in linseed. They were of the opinion that the steel plant effluent should not 
be used for irrigation. 
Trivedi and Kripekar (1991) at Karad while investigating the effect of dairy 
wastewater on growth and mineral composition of soybean and green gram observed 
increase in the ash, Ca, N and P content of both the crops. In soybean, P content 
increased in 10, 25 and 50% effluent but decreased in 100% effluent. 
Aziz et al. (1993a) at Aligarh carried out pot experiments to study the effect of 
treated refinery wastewater and groundwater on NR activity of Vigna radiata and 
found a difference in response to two waters and the effluents stimulated NR activity 
at all the samplings when compared to ground water. A linear increase in the NR 
activity was recorded from 15 to 25 DAS and thereafter it decreased. Aziz et al. 
(1993b) again tested the performance of lentil with N15 P30 K40 and no fertilizer under 
different irrigants. Treated effluents proved better compared to ground water and 
fertilizer application further enhanced the growth. Inam et al. (1993) also compared 
the effect of refinery effluent and ground water on triticale and wheat. No significant 
difference in the percentage of seedling emergence under both waters was observed. 
Siddiqui et al. (1994) while using the same water studied the response of green gram. 
An increase in the leaf number, dry weight, seed number and pod number was 
reported under wastewater irrigation. Effluents together with fertilizer were more 
effective as compared to ground water for vegetative growth only, however it 
decreased the seed yield. Javid et al. (2006) at the same place but using different 
source of wastewater (sewage wastewater and thermal power plant effluent) 
conducted a pot experiment to evaluate the physiomorphology and yield of black 
gram {Vigna mungo) var. PU-19. Wastewater application promoted the growth, NR 
activity, total chlorophyll content, leaf nitrogen content and seed yield per plant 
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compared to ground water irrigated plants. Tabassum et al. (2007) also at Aligarh 
performed an experiment using city wastewater to study its impact on the yield of 
Lens culinaris cv. DLP-15 with two concentrations of wastewater i.e. 50%WW and 
100% WW with different doses of phosphorus (Po, Pio, P20 and P40) and uniform basal 
application of 20 kg N and 30 kg K ha"' respectively. Significant increase in the plant 
fresh and dry mass, nodule number, seed yield and biomass was observed in plants 
irrigated with wastewater when compared to ground water. 
Earlier also at Aligarh but in another laboratory, Ajmal and Khan (1983) 
studied sugar mill effluent on Phaseolus aureus (kidney bean) and Pennisetum 
typhoides (millet). Germination was quickest in the control and with 25% effluent. 
Ajmal et al. (1984) also assessed the impact of Glaxo Laboratories (India) Ltd. 
effluent on kidney bean and Pennisetum glaucum (pearl millet). 100% effluent 
decreased the germination of kidney bean, while pearl millet showed an increase as 
compared with control. 25% effluent increased growth of kidney bean whereas pearl 
millet showed better response with 50, 75 and 100% effluent. Ajmal and Khan 
(1984a) while taking wheat and pea with breweries effluent noted 100% germination 
under 25, 50 and 75% effluent, while it was 80% and 90% for pea and wheat, 
respectively in 100% effluent. They also tested the suitability of Hindustan Lever Ltd. 
and its soap splitting unit effluent on pea and mustard (1984b). In yet another study 
during the year 1985a, they collected textile factory effluent and applied it on kidney 
bean and Lady's finger. 50% effluent proved best for both the crops followed by 25, 
75 and 100%i. Germination was delayed in 100% effluent and it was 90% under 75% 
effluents. Ajmal and Khan (1985b) further observed the impact of electroplating 
factory effluent on hyacinth bean and mustard. Delayed germination and retardation 
of root and shoot length were observed with increasing concentration, while 
germination was totally inhibited at 1.5% in mustard seeds. Fresh and dry weights of 
hyacinth bean increased up to 0.2% effluent. The optimum growth of hyacinth bean 
was observed with 0.1% effluent. They were of the opinion that only diluted effluents 
proved favourable for plant growth. 
Ramasubramanian et al. (1993) at Sivakasi soaked the seeds of blackgram 
(Vigna mungo) cv. LBG12 for 2 hours in diluted effluent (10-40%) from match and 
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dye industries and then germinated them in sand culture. They observed decrease in 
the germination and seedUng growth with increase in effluent concentration. They 
also reported that the decrease in plant fresh and dry mass paralleled the decrease of 
the leaf pigments (chlorophyll a, b and carotenoids) which they attributed to the 
degradation of photosynthetic pigments by increased peroxidase activity. 
Goyal et al. (1995) at Hissar reported that the application of distillery 
wastewater up to 160 m^/ha to moong beans {Vigna radiata) grown in pots increased 
the dry matter and N and P uptake but the dry matter decreased markedly with 640 
m^/ha. The E.C of the soil was increased about three folds by the application of 
distillery wastewater equivalent to 320 m^/ha. Chidaunbalan et al. (1996) at Tuticorin 
performed an experiment to evaluate the effect of chemical industry wastewater on 
green gram and black gram. 10% effluent proved effective in promoting germination, 
growth, chlorophyll and protein content. Similarly, Prasanna-Kumar et al. (1997) at 
Bhavnagar in their experiment moistened the seeds of greengram {Vigna radiata) and 
blackgram {Vigna mungo) with different concentrations of dairy effluent (10, 25, 50, 
75, 100%) and found a gradual decrease in the percentage of seed germination, 
seedling growth and pigment contents with increase in the effluent concentration. 
However, under 25% level, maximum values for the above mentioned parameters 
were obtained. They finally concluded that the dairy effluent after dilution to 25% 
concentration could be safely used for irrigation. 
Goswami and Naik (1992) while investigating the effect of fertilizer factory 
effluent on Cyamopsis tetragonoloba Taub (Cluster bean) reported increase in the 
chlorophyll content under 10% of the effluent but higher concentration had an adverse 
affect while Subramani et al. (1998) also investigated the impact of similar effluent on 
cowpea {Vigna ungiculata L.Walp) and reported beneficial effect on the overall 
growth at 10%) of the effluent concentration. Earlier Subramani et al. (1995) while 
carrying out his experiments in petriplates reported decrease in the germination, 
growth, yield and productivity of green gram with increasing concentration of the 
effluent. At the same place, Sundaramoorthy et al. (2000) conducted a petriplate 
experiment to study the impact of fertilizer factory effluent on green gram, black 
gram, groundnut. Glycine max (soybean), paddy and Sorghum vulgare (sorghum). 
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They reported beneficial effect at 10% effluent, beyond which seedling growth was 
decreased. They conducted another petriplate experiment on groundnut varieties and 
reported that germination percentage and seedling growth increased with 1 to 10% 
effluent. The same crop was tested by Sundaramoorthy and Lakshmi (2000) under 
tannery effluent. Among the various varieties studied, TMV-4 showed better 
performance and it proved tolerant while variety VRI-4 was susceptible. Similarly, 
Manoharan and Lakshamanan earlier in 1987 reported improved seed germination and 
early growth of black gram under tannery effluent. They were of the opinion that this 
increase was probably due to the presence of trace elements and nutrients in the 
tannery effluent. Balashouri and Prameeladevi (1994) tested similar effluent on green 
gram, pigeon pea, and sorghum and reported 10% of the effluent as optimum for seed 
germination, seedling growth, chlorophyll content and biomass production for 
legumes however, for sorghum optimum concentration was 5%. 
Singh and Singh (1997) studied the effect of terpentine factory effluent and Zn 
on germination, seedling height, fresh and dry mass and chlorophyll content of 
Cajanus cajan (Pigeon pea). Results revealed deleterious effect of higher 
concentration while the lower concentration proved to be beneficial. 
Ramana et al. (2002) investigated the relative efficacy of three distillery 
effluents i.e. raw spent wash (RSW), biomethanated spent wash (BSW) and lagoon 
sludge (LS) with recommended fertilizer dose and farmyard manure and reported an 
increase in the total chlorophyll content, crop growth rate, total dry matter, nutrient 
uptake and seed yield in groundnut under the three effluents however, nodulation was 
inhibited and resulted in decreased nitrogen fixation. Among the effluents BSW 
produced highest seed yield followed by RSW and LS. 
Al-Freedan (2006) in the kingdom of Saudi Arabia conducted an experiment 
to study the effect of treated municipal effluents and Rhizobia strains on growth and 
nodulation of faba bean {Vicia faba). Better growth of plants was reported with no 
symptoms of nutrient deficiency or signs of toxicity under different levels of 
wastewater. It significantly increased the shoot and root length and nodule 
development (fresh and dry mass). N2 fixation activity and nitrogen content of plant 
tissues were also significantly affected by both effluent and Rhizobia treatments and 
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maximum improvement in growth was reported under 100% effluent application and 
hence was found to be comparatively more effective than the well water. 
Kannan and Upreti (2008) at industrial toxicological research centre Lucknow, 
studied the influence of distillery effluent on growth of mung bean (Vigna radiata). 
The seeds were pre-soaked for 6h and 30h respectively in different concentrations (5-
20%) of each effluent and germination, growth parameters and seedling membrane 
enzymes and constituents were investigated. Results revealed that the leaching of 
carbohydrates and proteins (solute efflux) were higher in case of untreated effluent 
and were also dependent on the pre-soaking time while other germination characters 
including percentage of germination, speed of germination index, vigour index and 
length of root and embryonic axis were concentration dependent and significant 
reductions were observed in untreated effluents. However, effluent up to 10% 
concentration reflected low levels of the observed adverse effects. 
Chandra et al. (2008) carried out this study to investigate the effect of 
distillery sludge amendments with garden soil on seed germination and growth 
parameters of Phaseolus mungo. With the increase in the sludge concentration, 
germination percentage and index values were decreased however, the plants grown 
in soils amended with 10% (w/w) distillery sludge showed better growth of root and 
shoot length, number of leaves, biomass, photosynthetic pigments, proteins and 
starch. The N, P, K and Mg accumulation was highest in shoot followed by leaf and it 
was minimal in roots. 
2.3 Effect of wastewater on non leguminous crops 
Many advantages from the use of sewage waste water on crop plants have 
been reported. According to USDA, sewage finds its use both as a fertilizer source 
and soil conditioner. It may supply large portion of nitrogen required for crop growth, 
increase cation exchange capacity of soil and thereby its capacity to retain nutrients 
(Epstein et al., 1976). It can provide substantial amount of phosphorus (Sommers, 
1977) and can be a good source of micronutrients (Fe, Zn, Mn, Cu) for plants (Chen 
and Stevenson 1986) and there are numerous reports on the role of sewage application 
in increasing crop production and yield. Increased crop production from the 
application of sewage sludge and irrigation water into the soil is mainly attributed to 
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improved soil fertility, increased water retention capacity and increased aeration and 
this improvement in the soil physical and chemical properties is mainly due to the 
organic content in the sewage. Although sewage has great fertilizing value and has 
increased the yields by increasing the soil fertility and water availability yet it may be 
harmful for the plants and animals including human beings if it contains toxic levels 
of heavy metals or excessive soluble salts. Ahmad et al. (1994) reported the adverse 
effect due to increase in the soluble salts and higher SAR in the soil while others have 
reported the higher values of Cu ions in the effluent than their respective permissible 
limits (Qadir e/a/., 1997). 
Earlier, Day et al. (1974) conducted experiments at Tucson, Arizona to study 
the effect of treated municipal effluent on growth, total fibre, acid soluble nucleotides, 
total protein and amino acids in hay from wheat (Triticum aestivum L.) and reported 
that wheat plants grown with wastewater had culms with larger diameter. They further 
observed that the total protein was equalled by wastewater alone when compared with 
total proteins obtained under well water added with inorganic fertilizers in equal 
amounts present in wastewater. Similarly, protein was more in plants grown under 
wastewater than the well water plus the recommended dose of N, P and K. They 
further noted that the wheat utilized the N in wastewater more efficiently than in the 
well water plus N, P and K in quantity equal to that present in wastewater. In their 
opinion, wastewater was an effective source of irrigation water and plant nutrients for 
the production of high quality hay from wheat. In another study, Day and Cluff (1985) 
investigated the use of municipal wastewater for the commercial production of 
sorghum while working at the same place. Total soluble salts and nitrate nitrogen 
were higher in pump water than in wastewater-pump water mixture. On the other 
hand the mixture of two waters had more total N, P than the pump water alone. It was 
also observed that the salt concentration was lower in mixture than the pump water, 
therefore, making it more suitable for irrigation. Growth, length, heads per unit area 
and seed yield was increased when the crop was grown under the two waters. They 
also concluded that it could be effectively used as a source of irrigation water and 
nutrients. 
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Feigin et al. (1984) studied the suitability of sewage effluent for drip irrigation 
of cotton (Gossypium hirsutum) growing on a deep calcareous soil in Israel. The 
effluent was compared with fresh water at three application rates, the average of 
which for three seasons were: low (350 mm yr''), medium (440 mm yr'') and high 
(515 mm yr"'). Fertilizer was also given with fresh water. Increase in concentration of 
available N and P in soil under effluent and fertilizer amended freshwater treatments 
was observed. On the contrary, K in the soil was increased to a lesser extent and no 
significant differences in the level of available N, P and K in the soil or in their uptake 
by plants was detected between effluent and fertilizer amended freshwater. In high 
application rate effluent treatment, dry matter yield as well as N, P and K 
accumulation was higher. Bielorai et al. during the same year and at the same place 
conducted long term drip irrigation experiments to study the influence of municipal 
effluent along with fresh water on growth, yield and line quality of drip irrigated 
cotton {Gossypium hirsutum L.) var. 'Acala SJ-2'. The N concentration in effluent 
was about 50 mg/L during the three years of experimentation. Cotton plants irrigated 
with wastewater effluents were taller and showed better vegetative growth when 
compared to plants grown with fresh water. They were of the opinion that the effluent 
could be used effectively as a source of water as well as nutrients and with suitable 
management high productivity may be achieved. 
Stehlik (1986) at Harlickuv Brad studied the seedling growth of Sinapsis alba 
(white mustard) irrigated with brewing starch factory and canning factory effluents 
and reported that starch wastewater was found to be usable after dilution, while 
distillery wastewater showed adverse resuhs even after dilution. Again in 1987, 
experiments in petriplates as well as in pots were conducted to investigate the effect 
of yeast plant wastewater on white mustard. They found that undiluted wastewater 
had little or no inhibitory effect on germination, whereas separate fractions of 
wastewater reduced the germination. Dry and fresh yield of pot grown plants were 
increased by wastewater. 
Singh and Mishra (1987) at Kanpur conducted laboratory experiments to 
evaluate the impact of 2.5, 5.0, 10, 25 and 50% concentrations of fertilizer factory 
effluent on some physico-chemical properties of soil and germination, growth. 
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photosynthetic pigments and dry matter production of com {Zea mays L.) and rice 
{Oryza sativa L.). Lower concentrations (2.5 and 5%) enhanced the growth and 
development of the two crops tested while comparatively higher concentration of 
effluent (10%) and more inhibited the seed germination and also caused deleterious 
effect on the dry matter production, yield and photosynthetic pigments of both the 
crops. Abasheeva and Revenskii (1992) at Uan-Ude (Russia) conducted a pot 
experiment to study the impact of seleginsky cellulose and cardboard mill effluents on 
productivity and chemical composition of oat, rape and pea. Crops were grown in pots 
containing alluvial meadow or grey forest soil and irrigated with clean water or 
purified wastewater. The wastewater increased dry matter yield of oat on both soils 
whereas dry matter yield of pea on grey forest soil and did not affect those of rape on 
either soil or pea on alluvial meadow soil. There were no adverse effects on chemical 
composition or food value of crops. 
SamiuUah et al. (1994) at Aligarh observed enhanced leaf number and dry 
weight in a field experiment on wheat grown under Mathura refinery treated 
wastewater. Yield characteristics and final yield ha"' of the crop were also increased. 
Aziz et a\. (1994) again tested the triticale and wheat and noted beneficial effect. They 
also performed a field trial in 1995 on four cultivars of wheat and observed beneficial 
effect on growth and yield but the refinery effluent resulted in lower protein and 
carbohydrate content of the grain. Aziz et al. (1998) during another study on 
frequency of irrigation and the productivity of triticale further observed the beneficial 
effect on growth, yield and quality of grain with increased number of irrigations. In 
1999, maize and mustard were irrigated and higher values for plant height, leaf area, 
fresh and dry weight and yield in maize and better shoot and root length, leaf number, 
shoot fresh and dry weight and yield in mustard were obtained. Effect of wastewater 
on protein and carbohydrate content of maize seeds were non-significant whereas oil 
content and oil yield in mustard increased significantly. Tabassum et al. (2007) also at 
Aligarh while using city wastewater as a source of irrigation for mustard, also 
reported significant increase in the leaf area, photosynthetic rate, stomatal 
conductance, leaf nitrogen, phosphorus and potassium content and seed yield and 
attributed this increase due to the nutrients present in the wastewater. At the same 
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place Akhtar et al. (2008) conducted pot experiment to study the effect of thermal 
power plant discharged waste water (TPPW) on growth, yield and quality of mustard 
{Brassica juncea L. cv. Alankar) and linseed {Linum usitatissimum L. cv. Neelam) 
and reported an increase in the growth characteristics, net photosynthetic rate, seed 
yield, oil content and oil yield of both the two crops irrigated with TPPW. In case of 
linseed, lower levels of nitrogen and phosphorus with waste water proved beneficial. 
They were of the opinion that it could be considered as an alternative source of water 
for irrigation purpose and simultaneously could minimize the problem of its disposal. 
Al-Jaloud et al. (1995) at Riyadh (KSA) conducted pot experiments to work 
out the effect of wastewater on mineral composition of com and sorghum plants. They 
reported that the heavy metals like Co and Cd were below the detection limits and the 
concentration of Ca, N, P, K, Cu, Mn, Mg and Zn in sorghum plants were in deficient 
range except for Fe and Al. Regression analysis indicated strong interaction between 
Pb, Ni, Ca and Fe in com and sorghum plants and finally concluded that the 
wastewater did not increase concentration of macro as well as micro elements or 
heavy metals in the plants to toxic levels and therefore, may be used for irrigation 
purpose. Hussain et al. (1996) also in Saudi Arabia under field conditions investigated 
the yield and nitrogen use efficiency (NUE) of wheat. Two types of irrigation water 
with or without nitrogen for grain and biomass production were tested. They 
concluded that if the crop is irrigated with treated effluent containing nitrogen in 
range of 20 mg L" and above, higher NUE and thus higher seed yield may be 
obtained under low rates of nitrogen. 
Mitra and Gupta (1999) during the course of their investigation compared 
nutrient and heavy metal status of sewage irrigated soils from vegetable growing area 
of eastem fringe of the city of Calcutta to tube well irrigated soils of Baruipur, South 
24-Paraganas district during the monsoon and winter seasons. They were of the 
opinion that both types of water were suitable for irrigation, although high pH and salt 
accumulation was observed in sewage irrigated soil. Increased organic matter, 
nitrogen and phosphorus were also observed in sewage irrigated soils than the tube 
well water irrigated soil. 
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Murillo et al. (2000) at Cabrera (Spain) conducted a field experiment to 
examine the effect of drip irrigation using wastewater from olive industry. 
Wastewater caused decrease in leaf water potential, stomatal conductance and 
photosynthetic rate in olive trees, after 15 days of irrigation. Wastewater significantly 
reduced olive yield as compared to control. Sedykh and Tarakanov (2000) performed 
a petriplate experiment to study the effect of oil and gas drilling waste on some 
woody plants. Results showed that small doses of drilling waste (below 10%) can 
stimulate germination and sprouting intensity but doses greater than 20-25% reduced 
it. 
Yoon et al. (2001) conducted a pilot study at an experimental field at Konkuk 
University (Korea) to examine the effect of treated sewage irrigation on paddy rice 
culture and its soil characteristics. Treated sewage irrigation had no adverse effect on 
growth and yield of rice, instead in 10% (with dilution) and 50% (without dilution) 
higher yield than control was observed. 
Ramana et al. (2002) at Bhopal studied the effect of various concentrations of 
distillery effluent on the seed germination, speed of germination, peak value and 
germination value in: tomato, chilli, bottle gourd, cucumber and onion. They reported 
that the effluent at low concentration had no inhibitory effect on seed germination 
except in tomato and in onion where the germination was 84%) at 10%) as against 63% 
in control. However, at higher concentration complete failure of germination was 
observed irrespective of the crop. 5% concentration was found to be critical for seed 
germination of tomato and bottle gourd and 25%) for other crops. Based on the 
tolerance to distillery effluents, crops studied were arranged in the order of cucumber 
> chilli > onion > bottle gourd > tomato. 
Al-Lahham et al. (2003) conducted field experiments to investigate the effect 
of different treatments of potable and treated wastewater on the quality of tomato fruit 
{Lycopersicon esculentum L.) in Jordan. Tomato seedlings were furrow irrigated with 
different mixtures of potable and wastewater (1:0, 1:1, 1:3 and 0:1) and the results 
obtained after irrigation with treated wastewater showed no effect on the fruit pH 
instead the size of the fruit was increased up to 2 cm in diameter and weight up to 
78.7 g but because of contamination of treated wastewater with total coliforms up to 
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42.0 CFU/100 ml and bacterial count up to 7.820 CFU/ 100 ml, it was suggested as an 
alternative for irrigation of tomatoes to be eaten after cooking but not for those taken 
as raw. Emongor et al. (2005) conducted studies to test the suitability of treated 
secondary effluent for irrigation of horticultural crops in Botswana. The most 
important criteria for evaluating irrigation water quality were: salinity hazards ( total 
amount of dissolved salts in water), sodium hazard (the relative proportion of Na"^  to 
Ca^ "^  and Mg^* ions), pH, alkalinity (total amount of carbonates and bicarbonates in 
water), heavy metal and microbial contaminants. The main effect of EC and TDS of 
water on crop productivity was their inability to compete with ions in the soil solution 
for water. The higher the EC and TDS, the less water was available to plants even 
though the field may appear to be wet. Earlier, Jimenez- Cisneros (1995) suggested 
the use of treated effluent as an important nutrient source to poor fertility soil for crop 
production, however Al Nakshbandi et al. (1997) emphasized on the health risks and 
potential for transmitting wide variety of diseases and illness due to possibility of the 
presence of wide spectrum of pathogens such as coliforms bacteria associated with 
contaminated water. However, irrigation with effluents highly polluted with 
coliforms, faecal coliforms and other bacteria may increase the contamination of 
irrigated vegetables, but the contamination could be minimized by irrigation with well 
managed effluents. 
Lubello et al. (2004) conducted an experiment to assess the possibility of 
reusing reclaimed wastewater for nursery ornamental plants at Pistoia (Italy). An 
experimental plot comprising of six plant species (two each of conifers, 
Mediterranean evergreen shrubs and deciduous trees) were irrigated with tertiary 
effluent and growth and physiological parameters were monitored and compared with 
the plants of control plot irrigated with fertigated water (nutrient enriched ground 
water). The result showed no major limitation to use tertiary effluent as an irrigation 
source and was able to maintain good plant growth with the exception of Arbutus 
unedo (ever green shrub). They finally concluded that the tertiary effluent could be 
considered as an important fertilizer source for plants like Juniper, Myrtle and 
Cypress with positive economic and environmental aspects related to the reduction of 
synthetic fertilizers. 
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Kaushik et al. (2005) at Hissar conducted laboratory experiments to study the 
effect of different concentrations (0-100%) of textile effluent both untreated and 
treated on seed germination (%), delay index (DI), shoot and root length, plant 
biomass, chlorophyll content and carotenoid contents of three different cultivars of 
wheat. The textile effluent had no inhibitory effect on seed germination at 6.25% and 
similar trend was also followed by other plant parameters studied. However, 
differences were observed in the tolerance to textile effluent for different cultivars. 
They therefore concluded that the effect of the textile effluent is cultivar specific and 
suggested that care should be taken before using textile effluent for irrigation. 
Fonseca et al. (2005) conducted the research to verify the potential use of secondary 
treated sewage effluent (STSE) as a source of water and nitrogen for maize and 
evaluated the nitrogen and phosphorus concentration in the soil, as well as their 
concentration and content in plants. No variation in total carbon and P concentration 
in soil was observed, but total nitrogen was increased. Fertilizer application plus 
treated effluent irrigation increased the P content in plants but without any effect on 
dry matter yield. 
Chattha et al. (2005) conducted studies in different districts of Potowar region 
of Pakistan to evaluate the quality of sewage for irrigation purposes and heavy metal 
content. Sixty percent samples collected from different regions were reported to be fit 
for irrigation while remaining were marginally fit for irrigation. Sodium absorption 
ratio ranged in between 0.24 to 4.36 and hence were low in Na. Bazai et al. (2005) in 
a pot study observed the effect of five different concentrations (control, 25, 50, 75 and 
100%) of wastewater collected from three different localities of Quetta city 
(Pakistan) on the concentration of Ca, Na and K and germination and growth in 
spinach {Spinacea oleraceae L). They reported significant difference in the 
concentration of the three elements among the water of different localities, treatments 
and their interactions, while showing significant linear increase in the amount of 
sodium and potassium with increase in the concentration of wastewater. However, in 
case of Ca such an increase was reported up to a moderate level of effluents beyond 
which reduction was observed. 
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Water reclamation and reuse of wastewater has been recognized in different 
countries as the suitable alternative for compensating the water shortages along with 
environmental conservation. Similar study was taken up by Naddafi et al. (2005) 
while assessing the health effects and feasibility of crop irrigation by using 
stabilization pond effluent of Southern Havaizeh in two experimental plots, one being 
irrigated by stabilization pond effluent and the other by Nissan river water. Basic 
parameters in both the plots such as type of cultivated crops, amount of fertilizer used 
and amount of soil contamination being similar. The only difference was the type of 
water applied for irrigation. The results showed high salinity of soil reduced the 
growth rate of agricultural crops however, the growth rate of agricultural crops were 
increased by using stabilization pond effluent as irrigation water when compared to 
Nissan river water. 
Alvarez-Bemal et al. (2006) in Mexico studied the effluents of leather 
processing industry discharged normally to river Turbio without treatment and in the 
downstream is used to irrigate agricultural land. They reported that the tannery 
contained valuable nutrients beneficial for plant growth and development besides 
some contaminants such as salts and Cr that might affect the soil properties and crop 
production. After 25 years of irrigation of agricultural land with water from river 
Turbio, the soil characteristics were affected as increased E.C, organic carbon and 
total N-contents (2 times), total concentration of Cr (4 times), copper (2 times) and Na 
(six times in the clayey soils) compared to soil irrigated with well and irrigation canal 
water and thus further irrigation with water from Turbio might increase the sodicity 
and salinity which might deteriorate the soil and pose threat to the future crop 
production and though the characteristics of the soil and microbial biomass had not 
deteriorated after years of application of wastewater but oxidation of NO2 " was 
inhibited temporarily, which might also affect the biological activities of the soil. 
Kiziloglu et al. (2007) in Turkey conducted field studies to observe the effect 
of different sources of wastewater on macro and micro nutrient distribution in soil 
and nutrient contents of cabbage {Brassica oleracia) var. Capitata. Wastewater and 
preliminary treated wastewater significantly affected soil properties essentially at 0-30 
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cm soil depth and plant nutrient content after one year. Wastewater increased the yield 
and N, P, K, Fe, Mn, Zn, Cu, B and Mo content of cabbage plants. 
Mohammad-Rusan et al. (2007) conducted this study in Jordan at sites 
irrigated with wastewater for 10, 5 and 2 years and the site not irrigated. Plant 
analysis and soil analysis were carried out to evaluate its long term effects and 
reported an increase in the soil N, P and K content being highest in the top soil (0-
20cm) and for longer period of wastewater application. Several researchers have 
reported the accumulation of N, P and K content in the soil irrigated with wastewater 
and have attributed it to the original contents of nutrients in the wastewater applied. 
Bums et al. (1985) also reported that wastewater could provide N, P and K in 
amounts equal to 4, 10 and 8 times of the fertilizer requirement of the forage crops. 
Lonigro et al. (2007) in Italy evaluated the use of tertiary filtered municipal 
wastewater for irrigation as an alternative to fresh water. The water produced after 
membrane filtration was studied during two years of research and was used for drip 
irrigation of three vegetable crops in succession- tomato, feimel and lettuce and 
compared it with fresh water. Microbiological analysis was also performed on water, 
soil samples and marketable crops. The results showed no relevant differences in 
relation to two types of water and unexpectedly the plots irrigated with well water 
turned out to be more polluted, in terms of bacterial contamination than those irrigated 
with effluent. The heavy metal content in crops never exceeded the toxic values and 
the bacterial concentration in the soil or edible part of crops did not increase. They 
were of the opinion that tertiary filtered wastewater may be considered as viable 
alternative source of water for crop production 
Rehman et al. (2009) in Pakistan conducted growth room experiments to 
assess as to whether treated textile effluent could safely be used to irrigate some 
winter vegetables. A considerable reduction in the seed germination and early growth 
was reported under the effluent irrigation, however this effect was not pronounced at 
highest concentration. They further reported that the textile effluent did not affect 
seed germination of the tested vegetables. Photosynthetic pigments and protein 
contents were more in the leaves of all vegetable plants irrigated with treated 
effluents. The heavy metal contents of the treated effluent were comparatively lower 
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compared to untreated effluent. Based on the germination and growth, Raphanus 
sativus was ranked as the tolerant followed by Brassica campestris and Brassica 
napus. 
2.4 Effect of NPK fertilizers without wastewater on Cicer arietinum L. 
Among various essential plant nutrients, N, P and K are considered to be of 
prime importance as these are absorbed and utilised in larger quantities. Therefore, a 
balanced dose of these nutrients in presence of specific biofertilizers can give much 
better results in leguminous crops. The requirement of these nutrients for different 
crops has been worked out and reported from time to time. Infact, there is sufficient 
literature available regarding this aspect on various leguminous crops 
(Subrahmanyam and Varshney, 1974; Paricha et al., 1983; Badole et al., 1991; 
Kushwaha and Singh, 1992; Singh et al., 1992; Singh et al., 1993; Yahiya and 
SamiuUah, 1994; Patra et al, 1995; Rana et al., 1998; Kumar et al., 2000; Vyas et al., 
2001; Bhat et al., 2002; Golakiya et al., 2002; Gundalia et al., 2002; Singh, 2002; 
Vijaybaskaran and Thirumurgan, 2002). In the following pages, some of the important 
and relevant trials conducted specially on chickpea in relation to NPK were 
considered briefly. The purpose of this part of review is to give an idea that sufficient 
work has already been undertaken where the source of irrigation water was not 
wastewater. 
Das and Sen (1981) reported reduction in the uptake of P, S, Na, K, Ca, Mn, 
Fe and Zn under the deficiency of nitrogen, phosphorus and potassium. Dev et al. 
(1983) at Hissar studied the relationship between P and Mn in chickpea at two growth 
stages in pot culture using 0, 7.5, 15 and 30 ppm P and 0, 5, 10 and 15 ppm Mn. The 
application of P increased the dry matter yield at both stages of growth while Mn 
improved the yield only at the first stage. Addition of 7.5 ppm P enhanced Mn 
concentration at first stage while at higher levels marked reduction in Mn content was 
observed at both the stages. Jessop et al. (1984) at New England, Australia under 
controlled environmental conditions conducted experiment to examine the growth and 
nodulation under different soil nitrate levels, 0, 0.75, 0.5, 3.0 and 6.0 mM. They 
reported that the chickpea are less sensitive to inhibitory effects of NOa" than 
Soybeans. High NO3' appeared to inhibit the production of nodules early in growth 
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however, by the second harvest nodulation was stimulated by high NOa" levels. 
Responses in tops and roots dry weight production was positive with increasing ^Of 
levels. But proportionally, these effects were greatest with un-inoculated plants. 
Sawhney et al. (1985) at Hissar conducted an experiment to study the effect of 
applied nitrate on growth and Na-fixation. Application of nitrate either weekly or at 
the time of nodulation and pod filling, retarded nodule development and exerted a 
delaying effect on the rate of Na-fixation. However, after some time its effect on 
nitrogenase became less conspicuous. They also reported increase in the nitrate 
reductase activity in leaves as well as in nodule. The nitrate treated plants at initial 
stages also accumulated dry mass at a higher rate than those growing exclusively on 
atmospheric nitrogen. But the nitrate induced premature senescence of plants towards 
the final stages of growth and lowered both the seed number as well as weight of the 
individual seed. 
Idris et al. (1989) under field conditions of Faisalabad (Pakistan) studied the 
phosphorus fertilization for yield and nitrogen fixation. 40, 60, 80 and 100kg P2O5 ha 
"' in the presence of uniform dressing of nitrogen and potash each applied at 20 and 
24 kg ha"' improved the nodulation of the crop increased its grain yield, biomass 
yield, biomass N and biomass P. Parihar and Tripathi (1989) studied the response of 
chickpea to irrigation and phosphorus at Kharagpur. Increasing the frequency and 
amount of irrigation reduced the number and dry weight of nodules which increased 
to a maximum at 70 days after sowing and then declined. The application of 
phosphorus promoted nodulation and increased both nodule dry weight and the 
concentration of N, P and K in grain and stover. Javiya et al. during the same year 
reported that seed yield was increased from 2.08t ha'' to 2.19t ha"' when 20kg N ha'' 
was applied to chickpea. On the other hand yield with 0, 25 or 50kg P2O5 ha"' was 
found to be 1.99, 2.14 and 2.28t ha"' respectively. Also in the year 1989, Sharma et al. 
observed an increase in seed yield when 18kg N ha"' was applied. Singh et al. (1989) 
found that reduction in recommended fertilizer rate i.e. 18kg N ha'' and 40kg P2O5 
ha'" had little effect on yield, whereas yield of rape seed and especially wheat were 
decreased by reducing the fertilizer rates to 25-66% of the recommended rates of 
120kg N + 60kg P2O5 ha ' for wheat and 80kg N + 60kg P2O5 ha'' for rape seed. 
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Alloush et al. (1990) at the University of Leads in UK observed mineral 
nutrition of NO3 or NH4-N. Plants were grown for 24 days in water culture under two 
regimes of nitrogen nutrition (NO3-N and NH4-N) with or without Fe. For plants fed 
with NOsTM, Fe stress severely depressed fresh weight while little difference in 
growth was observed in NH4-N fed plants. Typical pH changes were measured in the 
nutrient solution of the controlled plants in relation to nitrogen supply. The pH 
increased with NO3 and decreased with NH4-N nutrition. In NO3 fed plants, the 
uptake of nutrients was reduced by the stress but proportionally NOs" and K"^  were 
most affected. Total anion uptake was depressed more than that of cation. Thakur and 
Jadhav (1990) in Maharashtra applied N + P2O5 @ 12.5+25, 25+50 or 37.5+75kg ha"' 
and obtained the seed yields of 3.23, 3.52 and 3.58t ha"' respectively when compared 
with 3.12t ha"' without the application of nitrogen and phosphorus. Saxena and 
Rewari (1991) observed the influence of phosphate and zinc on growth, nodulation 
and mineral composition under salt stress. Results revealed that Zn at 5ppm and 
phosphate at 20 and 40 ppm improved the growth and nodulation at salinity levels of 
4.34 and 8.3 dS m"'. The shoot nitrogen content of plants treated with 5ppm Zn^^ and 
20 ppm phosphate was equal to that of non-saline control. 
Yanni (1992) at Sakha Agricultural Research Station, Egypt studied the 
performance of chickpea, lentil and lupin nodulated with indigenous or inoculated 
Rhizobia under nitrogen, boron, cobalt and molybdenum. They reported increased 
nodule weight, plant dry weight, N-content seed yield, seed size and the N and P 
contents of seed with application of these nutrients. However, a slight decrease in the 
number of nodules was observed with their application. 
Yahiya and SamiuUah (1995) at Aligarh observed that leaf area, shoot dry 
weight and rate of acetylene reduction was significantly increased with the application 
of phosphorus and 40 Kg P2O5 ha"' increased the concentration in shoots and roots, 
soluble sugar contents in nodules and shoot N accumulation however, the P 
concentration in nodules was not affected by different levels of P. At the same place, 
Inam et al. (1996) while working on potassium noted 50kg ha"' as the best dose for 
pods plant"', seed yield and the biological yield of this corp. In another field trial, 
Yahiya et al. (1996) further observed the increase in leaf area index, shoot dry weight. 
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nodule number, nodule dry weight, acetylene reduction activity of nodules, shoot 
nitrogen accumulation, shoot and root potassium content and soluble sugar content of 
nodules with K supply. Application of 40kg ha'' proved optimum in most of the 
parameters studied. 
Khurana and Dudeja (1996) found that high nodulating (HN) and low 
nodulating (LN) selections of chickpea cv. ICC-4948 and ICC-5003 remained high 
and low nodulating respectively at nitrogen levels of 0 and 100kg N ha''. ICC-4948 
recorded 5.4-25% higher seed yield with an increase in nitrogen level from normal to 
100 kg ha"'. However, in ICC-5003 decrease in yield was observed with higher 
nitrogen level. 
Yadav and Srivastava (1997) at Morena (MP) in a field trial gave 0, 20, 40 or 
60kg P2O5 ha'' with and without seed inoculation with phosphate solubilizing bacteria 
(FSB). Highest yield was given by 60kg P2O5 ha''+PSB followed by 60kg P2O5 alone. 
Similarly, Gupta et al. (1998) also in Madhya Pradesh under field conditions, 
inoculated the seeds with Rhizobium and Bacillus or uninoculated giving 0-40kg P2O5 
ha'' as single super phosphate (SSP) or 40kg P2O5 as rock phosphate. It was observed 
that seed yield was more with inoculation. Application of 40kg P2O5 given as SSP 
produced the maximum seed yield. Inoculation and phosphorus application also 
increased the N and P uptake and seed crude protein content. 
Patel (1998) performed a field experiment under irrigated conditions of 
Madhya Pradesh. The crop was given 0-60kg P2O5 ha'' and various combinations of 
20kg N, seed inoculation with Rhizobium and foliar application of 2% diammonium 
phosphate (DAP). Mean seed yield was highest with 60kg P2O5. The combined 
application of 20kg N + seed inoculation with Rhizobium + foliar application of 2% 
DAP gave the highest seed yield. Sonboir and Sarawagi (1998) at Raipur (M.P) gave 
different combinations of 0-60kg P2O5 ha'', phosphate solubilizing bacteria (PSB), 
Rhizobium and trace elements. Highest seed yield was found under the treatment 60kg 
P2O5 + PSB + Rhizobium + seed application of Mo and Fe. This treatment also gave 
the maximum nodulation. Again Sarawagi et al. (1999) reported that N and P uptake 
increased with increase in levels of phosphorus and was further increased with the 
application of PSB alone or in combination with Rhizobium. Seed yield was increased 
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by the use of PSB and Rhizobium alongwith phosphate fertilizers. Guhey et al. (2000) 
also from Raipur reported an increase in seed protein content with increase in 
phosphorus levels. 
Braga and Vieira (1998) at Coimbra (Brazil) in a field experiment inoculated 
seeds of chickpea with Bradyrhizobium or not inoculated and given 0 or 30kg N ha"', 
0 or 40g Mo ha"' and 0 or 40 kg micronutrients ha'' i.e. Zn, B, Cu, Fe, Mn and Mo. 
Inoculation gave the maximum seed yield, followed by N fertilizer. Garrasco (1998) 
in Spain inoculated the seeds of chickpea with 2 strains of Rhizobium or not 
inoculated and applied the recommended nitrogen rate or no nitrogen. Seeds yields 
were highest with seed inoculation. 
Takankhar et al. (1998) in Maharashtra, inoculated the seed of chickpea with 
Rhizobium giving 0-75kg P2O5 and 25 or 50kg N ha''. Seed inoculation and the 
application of nitrogen and phosphorus significantly increased P uptake and 75kg 
P2O5 produced the highest seed yield and nitrogen. Sheokand et al. (1998) conducted 
experiment in which chickpea was inoculated with Rhizobium and raised in sand 
culture under natural conditions with nitrogen free nutrient solution and 45 days old 
plants were treated with 20 and 50 mM KNO3 and sampled at 2 and 6 days after 
treatment. KNO3 application induced premature nodule senescence. The mass of 
green nodules increased by 35% under these treatments and thus was accompanied by 
a rapid decline in leghaemoglobin content being 51-67% lower than control. The 
changes were associated with the rapid decline of N2-fixing activity. However, the 
decline in the total soluble sugars was relatively minor as compared to acetylene 
reducing activity. 
Joseph and Sawarkar (1999) utilized the low grade rock phosphate in meeting 
the phosphorus requirement by amending with farmyard manure (FYM, at 5t ha''), 
pyrites (at 40kg ha"') and phosphate solubilizing bacteria (PSB) at Jabalpur (M.P) and 
found an increase in biomass with increasing level of phosphorus. Application of RP 
amended with FYM resulted in the highest concentration of P from 80-160 kg ha'' 
and Zn in biomass of chickpea. Singh et al. (1999) at Bilaspur (MP) observed that 
application of poultry manure and S. rostrata produced higher yield of rice and 
chickpea at 80 (N), 50 (P2O5), 30 (K2O) kg ha ' level of chemical fertilizer. Jain et al. 
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(1999) also in MP reported that when seeds of chickpea were inoculated with 
Rhizobium and/or phosphorus solubilizing bacteria (PSB) and given 30, 45 or 60kg 
P2O5 ha"' then nodulation, pods plant'', seeds and stover yield were increased. 
Combined inoculation of Rhizobium and PSB + 60kg P2O5 gave the maximum seed 
yield and net returns. 
Bhuiyan et al. (1999) at Rangpur (Bangladesh) reported that seed yield, 
nodulation, nodule weight shoot weight and stover yield were highest with Rhizobium 
+ P + K + Mo + B. During the same year Das et al. in Himachal Pradesh found that P 
@ 80kg ha'' produced the highest N, P and K contents in the grain and straw, total N, 
P and K uptake, and grain and straw yield. El-Hadi and El-Sheikh (1999) in Sudan, 
studied the effect of seed inoculation with Rhizobium and nitrogen @ 50kg ha''. 
Rhizobium inoculation or nitrogen fertilizer application significantly increased the 
total nodule number, 100 seed weight, yield and protein content of seeds. 
Baalbaki et al. (2000) in Lebenon, investigated the mechanism of salt 
tolerance and ionic relation of chickpea cultivars with different nitrogen sources. N-
source significantly affected shoot K^/Na^ ratio with nodulating plants having lower 
ratios than non nodulating plants indicating that Rhizobial infection or nodule 
formation may lead to salt entry curtailing selective ability of chickpea roots. AUoush 
et al. (2000) at Beaver (USA) observed that when chickpea was given phosphorus in 
various combinations, an increase in shoot dry matter and accumulation of P, S, Mg, 
Ca and K was observed. Similarly, during their study on phosphorus, Mukherjee and 
Rai (2000) at New Delhi, observed that 0 and 60kg ha'' exhibited perceptible 
influence on yield. Biofertilizer and phosphorus interaction showed significant 
influence on growth and P uptake compared with either of the components applied 
separately. 
At Cairo (Egypt), Abo-Shetaia and Soheir(2001) while working on yield and 
its components in response to phosphorus fertilization reported that P2O5 at 40kg 
feddon"' significantly increased the pods, pod weight, seed yield and seed and straw 
yield feddon''. Sawires (2001) at Giza (Egypt) found that 23.25kg P2O5 feddon' 
recorded the highest number of pods, pod weight and seed and straw yield. Kurdali et 
al. (2002) at Damascus (Syria) evaluated the impact of three rates of potassium (0, 75 
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and 150kg K2O ha"') on nodulation, dry matter production and nitrogen fixation by 
faba-bean and chickpea in a pot experiment. The higher level of potassium increased 
both dry matter production and total N2 fixed in faba bean but did not have any effect 
on chickpea. 
Fan et al. (2002) at the department of soil science and plant nutrition in China 
studied the relation of nitrate uptake, nitrate reductase activity (NRA) and net proton 
release and compared in 5 grain legumes grovvn at 0.2 and 2 mM nitrate in nutrient 
solution. Nitrate treatment imposed on 22 d-old fully nodulated plants lasted for 21 
days. Increasing nitrate supply has no significant influence on the growth of any of 
the species but yellow lupin {Lupinus lutens) had a higher growth rate than the other 
species. NRA increased with the increased nitrate supply with majority of NRA being 
present in shoots. Field pea and chickpea had much higher shoot NRA than the three 
lupin species. Nitrate absorbed by plants, must be reduced to ammonium before 
incorporation into amino acids. Nitrate reduction is catalyzed by nitrate reductase and 
nitrite reductase. There are large difference among species of genotypes in the role of 
shoot and root system in reduction nitrate (Andrews, 1986; Wallace, 1986; Chalifour 
and Nelson, 1988). 
Kurdali et al. (2002) conducted pot experiments to study the impact of 0, 75 
and 150 kg K2O ha" on nodulation, dry matter production and nitrogen fixation. The 
plants were also subjected to soil moisture regimes: low, 45-50%, moderate 55-60% 
and high 75-80% of field capacity. Plant species differed in this response to the 
fertilizer as a means of enhancing growth and overcoming stress condition. The 
higher level of K-fertilizer increased both dry matter and total N2 fixed in faba bean, 
but did not have any impact on chickpea. Ahmad et al. (2002) evaluated the effect of 
salinity and nitrogen on two gram varieties with three salinity and four nitrogen 
levels. The results revealed the increase in the plant height with increasing amount of 
urea under 3.5 dS m"' while at higher salinity level plant height showed retrogressive 
effect and pod number per plant were maximum when 60 and 75 kg ha~' of urea was 
applied. 
Kumar et al. (2003) at Hissar reported the effect of P and K fertilizers, alone 
and in combination under moisture deficit condition. Phosphorus and potassium were 
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applied at the rate of 50kg ha"' each after germination. Treatment with phosphorus 
and potassium increased the dry weight of leaves and stem. The relative water content 
of leaves also increased significantly with fertilizer. Application of fertilizers also 
proved effective in terms of grain yield. Earlier Tomar et al. (2002) at Junagadh also 
noted the effect of 0, 25, 50, 75 and 100kg ha"' potassium on two varieties of 
chickpea. 50 kg K2O ha"' increased the grain and straw yield, 100 seed weight, protein 
content and concentration of K and N in grain and straw. 
Tufenkei et al. (2005) conducted a study to investigate the effect of Glomus 
intraradices (Arbuscular Mycorrhizal Fungus = AMF) inoculation together with 
phosphorus and nitrogen on some plant characteristics and nutrient content of 
chickpea. The results revealed the significant increase in the growth and the contents 
of nitrogen, phosphorus, iron, manganese and copper with the increasing doses of 
nitrogen and phosphorus. Kayan and Adak (2006), in Turkey determined the effects 
of different soil tillage method, weed control and phosphorus fertilizer doses on yield 
and its components. The grain phosphorus content was significantly affected by 
phosphorus levels and it was reduced by the highest phosphorus level of 90 PaOsha"'. 
Arya et al. (2007) conducted a study of integrated application of fertilizers 
with organic compost and biofertilizers at Kanpur. The results revealed that the 
integrated nutrient application (INA) 50% recommended dose of fertilizer (RDF) + 
FYM at 5t ha"' + biofertilizers significantly enhanced the average plant height, crop 
biomass, leaf area index, number and dry weight of root nodules. IN A fiirther resulted 
in the production of more grain and biological yield of chickpea and also significantly 
increased the NPK content in shoot and grain. 
Togay et al. (2008) observed the effect of sulphur, phosphorus and Rhizobium 
inoculation under Eastern Turkey conditions. Sulphur @ 0, 50 and 100 kg ha~' and 
phosphorus @ 0, 40 and 80 kg ha"' and inoculation (un-inoculated) were applied. The 
highest grain yield was reported from 80 kg ha~' P followed by 100 kg ha"' S. Gan et 
al. (2008) in Canada determined the synergistic effect of water stress and N-
fertilization on the biochemical properties of nodules, biomass partitioning among 
shoot, root and nodules and seed yield in chickpea. The crop grown at various rates of 
N-fertilizer under 90% field capacity (high), 60% (medium) and 30% (low) moisture 
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level showed significant effect of N and moisture on nodulation and productivity. The 
use of N-fertilizer reduced the negative effect of water stress by partitioning more 
biomass to roots and the stronger root system allowed the plants to absorbs more 
water for the transport of fixed N and further stated that the yield losses from 
ineffective nodulation due to water stress could be minimized with the use of low 
doses of fertilizer N. 
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CHAPTER III. MATERIALS AND METHODS 
This chapter deals with the description of materials used in for the study and 
the methods adopted for the experimentation and determination of various traits 
during the course of investigation. Four experiments were conducted on chickpea 
{Cicer arietinum.L) cv. Avrodhi. The authentic seeds and viable Rhizobium culture 
{Rhizobium sp.) were obtained from Indian Agricultural Research Institute (lARI), 
New Delhi. 
3.1 Botanical description of Cicer arietinum L. (chickpea) 
Chickpea belongs to the family Fabaceae and subfamily Papilionaceae. The 
plant is viscid and profusely branched annual herb largely cultivated in India during 
winter months. The leaves are pinnate 1-2 inches long with usually terminal leaflets. 
The flowers are solitary axillary, hermaphrodite, complete and zygomorphic. The 
calyx consists of five sepals and the corolla consists of five petals which may be pink, 
blue or white. The androecium consists often stamens which are diadelphous and the 
gynoecium has a single carpel. The ovary is superior and sessile, the stigma is capitate 
and the placentation is marginal. The fruit is a pod and the seeds are obovate or 
subglobose, beaked, reddish brown, black or white. 
3.2 Climatic conditions at Aligarh. 
Aligarh is situated at 27° 52'N latitude and 78°5rE longitude and at an 
elevation of 187 m above sea level in the mid of Doab, the land between the Ganga 
and Yamuna rivers at a distance of about 130km south east of the capital of India 
(Delhi) on the Delhi-Howrah rail route. 
Aligarh experiences semiarid and sub tropical climate with hot dry summers 
and intense cold winters. The summer season extends from April to June. In this 
season maximum temperature, sometimes, may reach up to 46°- 47'^ C in the month of 
June. The winters starts from October and ends in March, where December and 
January are the coldest months and average temperature ranges between IS^C to 
15°C while the lowest temperature for any single day may go down up tol^C- 2'^ C. 
The mean annual rainfall is about 850 mm and more than 85% of the total down pour 
is delivered during the span of three months from June to August while remaining 
commonly occurs in winter which is useful for rabi crops. 
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3.3 Experimentation 
The experiments were conducted in the earthen pots of 10" diameter during 
the winter seasons of 2006 to 2008 in the net house of the department of Botany, 
AUgarh MusUm University, Aligarh. Soil was thoroughly mixed with farmyard 
manure in the ratio of 3:1 so as to maintain the organic matter content and the soil 
samples from different pots were collected for a composite soil sample for each 
experiment. Inorganic fertilizers were added one day prior to sowing so as to avoid 
seed injury. The NPK fertilizers were calculated on the basis of their composition and 
that one hectare of land contains 2x10^ kg effective soil (Singh, 1988) and each pot 
had 5 kg soil. Urea, single super phosphate and muriate of potash were used as the 
sources of nitrogen, phosphorus and potassium respectively. Before sowing, light 
application of ground water (GW) was given to the pots so as to provide moisture 
necessary for germination. The seeds were surface sterilized with 0.01% aqueous 
solution of mercuric chloride followed by repeated washing with double distilled 
water (DDW) and then dried in shade before applying inoculum according to the 
method of Subba Row (1972). For this, 200 g colourless gum Arabic (coating 
material) and 50 g sugar were dissolved in 500 ml warm water. The solution was 
allowed to cool and 100 g Rhizobium culture was properly mixed. Required quantity 
of seeds was mixed with inoculum until the seeds were evenly covered by inoculation 
mixture. 10 seeds per pot were sown so as to avoid risk of germination failure and 
after the establishment of seedlings, thinning was done retaining only one plant per 
pot. Weeding was done whenever necessary. 
3.4 Experimental layout 
The treatments in each experiment were arranged in completely randomized 
block design (Table 1). Each treatment was replicated three times and 24 pots were 
maintained for each treatment. The experiment was conducted to compare the effect 
of urban wastewater (WW) and ground water (GW) obtained from tap along with 
different fertilizer doses. It may be pointed out that the urban wastewater includes the 
wastewater from the house holds and sewage together with wastewater from local 
industries of locks and electroplating as well. The three water treatments therefore, 
were ground water (GW), 100%WW and 50%WW. The last one was obtained after 
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dilution with ground water in 1:1 ratio. Each pot received 150 ml of its respective 
water treatment up to 12 days after sowing viz., up to seedling emergence and then 
the quantity of water was enhanced to 300 ml given on alternate days and the 
irrigation was stopped ten days before harvest in each experiment. Six pots were 
randomly selected to study growth and physiological parameters seperately at each 
sampling and in all, three samplings were undertaken at vegetative, flowering and 
fruiting stages. Remaining six pots were used at the harvest for the study of yield and 
its parameters. 
3.4.1 Experiment I 
This experiment was conducted in the winter season of 2006. The aim of this 
experiment was to assess the comparative effect of wastewater and ground water in 
presence of nitrogen. For this purpose three levels of water viz., 100% WW, 50%WW 
and GW were taken, together with four levels of nitrogen viz.. No, N15, N30 and N45 to 
study the growth, photosynthesis, yield characteristics and protein content of 
chickpea. A uniform basal application of P and K each one at the rate of 20 kg ha"' 
was also applied on the basis of earlier findings. Sampling was done at three stages to 
study the growth and physiological characteristics while yield and its parameters were 
studied at harvest out of the remaining six pots from each treatment. Scheme of the 
treatments is given in Table I. Sowing was done on 6 of November and harvesting 
was done on 1 ^ ' April 2007 
3.4.2 Experiments II and III 
These experiments were conducted simultaneously in the rabi season of 2007. 
In both the experiments water treatments were the same as in experiment I but in 
experiment II four levels of Phosphorus viz., Po, P20, P40, Peo were applied with 
uniform application of N at the rate of 15 kg ha"' (obtained from experiment I) and K 
at the rate of 20 kg ha"', while in experiment III four levels of potassium viz., Ko, K20, 
K40, IQo were applied with uniform application of N at the rate of 15 kg ha"' on the 
basis of the findings of experiment 1 and P at the rate of 20 kg ha"'. Like experiment I, 
here also the treatments were arranged in randomized block design. The scheme of the 
experiment II and III is also given in Table I. Sowing was done on 2"^ November 
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2007 and harvesting on 30* March 2008 in experiment-II while in experiment-Ill 
seeds were sown on 5* October and crop was harvested on 2"'' April 2008. 
3.4.3 Experiment IV 
This experiment was conducted in winter season of 2008 and was based on the 
observations of the earlier three experiments. The aim of this experiment was to 
assess and confirm the effect of the optimum doses of NPK obtained in Experiments 
I-III. Only 100%WW and GW were considered in this experiment as 100% proved 
better than 50%WW in earlier experiments. The scheme of this experiment is also 
given in Table 1. Sowing was done on 4* November 2008 and the crop was harvested 
on 28* March 2009. The agricultural practices including Rhizobium treatment, 
sowing, thinning and weeding were the same as in the earlier experiments. 
3.5 Statistical analysis of the collected data 
The data obtained was analyzed statistically taking into consideration the 
variables in each experiment according to Panse and Sukhatme (1985). The 'F ' test 
was applied to assess the significance of data at 5% level of probability (P<0.05). The 
model of analysis of variance (ANOVA) is given (Table 2). Critical difference (CD) 
was calculated to compare the mean values of various treatments. Correlation 
coefficient values (r) of seed yield and some physiological and yield attributing 
characters (Table 50) while linear regression of leaf area and photosynthetic rate was 
also under taken (Fig. 2). 
3.6 Water sampling and analysis 
Wastewater (WW) was collected in sample bottles for analysis twice i.e. at the 
start and at the end of the experiment and in 50 litre jerry canes for watering to pots as 
and when required (Fig. la and b) from the drain on Aligarh Mathura road, 6 km from 
the department. For water analysis, sample bottles were carefully cleaned before use 
with chromic acid cleaning mixture. Then the bottles were rinsed thoroughly with tap 
water and then with distilled water. 4 litres of wastewater sample was taken for 
analysis. Prior to filling, the bottles were again rinsed with city wastewater to be 
collected. Tap water was used as GW. Both the waters were analysed for various 
physico-chemical characteristics (Table 3). Procedures listed in standard methods 
(APHA, 1998) were followed for analysis or as specified. 
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Table 1. Scheme of the treatments given in Experiments I-IV 
(Complete randomised block design) 
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Experiment I 
Treatments 
GW 
Irrigation water 
50% WW 100% WW 
Remarks 
(kg N ha'') 
No 
N,5 
N30 
N4S 
Po 
P20 
P40 
P60 
+ 
++ 
++ 
++ 
+ 
++ 
++ 
++ 
+ 
++ 
++ 
++ 
+ + 
++ 
Ko 
K20 
K40 
Keo 
+ 
++ 
++ 
++ 
+ 
++ 
No fertilizer 
15 
30 
45 
Experiment II 
Treatments 
GW 
Irrigation water 
50%WW 100%WW 
Remarks 
(kgPha-') 
+ 
++ 
++ 
++ 
No fertilizer 
20 
40 
60 
Experiment III 
Treatments 
GW 
Irrigation water 
50%WW 100% WW 
Remarks 
(kgKha ' ) 
+ 
++ 
++ 
++ 
No fertilizer 
20 
40 
60 
Experiment IV 
Treatments Irrigation water Remarks 
NoPoKo 
N15P40K20 
N15P40K40 
N!5P6oK20 
N15P60K40 
N30P40K.20 
N30P40K40 
N30P60K20 
N30P60K40 
GW 
+ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
100% WW 
+ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
(kg NPK ha ' ) 
No Fertilizer 
15, 40 and 20 
15, 40 and 40 
15, 60 and 20 
15, 60 and 40 
30,40 and 20 
30,40 and 20 
30, 60 and 20 
30, 60 and 40 
Note: The NPK doses for pots were calculated on the basis of their composition and that one hectare of land 
contains 2x10' kg effective soil 
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Table 2. Model of analysis of variance (ANOVA) of Experiments I to IV 
(Complete randomised block design) 
Expriment I 
Source of variation df SS MSS F. value Sig. 
Replication 
Water 
Nitrogen 
Interaction 
Error 
Total 
2 
2 
3 
6 
22 
35 
Experiment II 
Source of variation df SS MSS F. value Sig. 
Replication 
Water 
Phosphorus 
Interaction 
Error 
Total 
2 
2 
3 
6 
22 
35 
Experiment III 
Source of variation df SS MSS F. value Sig. 
Replication 
Water 
Potassium 
Interaction 
Error 
Total 
2 
2 
3 
6 
22 
35 
Experiment IV 
Source of variation df SS MSS F. value Sig. 
Replication 
Water 
NPK 
Interaction 
Error 
Total 
2 
1 
8 
8 
34 
53 
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3.6.1 Colour 
Colour in wastewater may be due to the presence of fine particles in 
suspension or due to some mineral matter in solution. It was light black. 
3.6.2 Odour 
It results because of the microorganisms and certain gases generally present in 
wastewater. It was slightly unpleasant. 
3.6.3 Hydrogen ion concentration (pH) 
It was determined with the help of pH meter. The pH meter was adjusted 
before use with standard buffer of known pH. 
3.6.4 Electrical conductivity (EC) 
It was directly read with the help of conductivity meter by putting the sample 
in a beaker. The apparatus was adjusted to 25°C of the solution 
3.6.5 Total dissolved solids (TDS) 
100 ml filtered sample was taken in an evaporating dish and allowed to 
evaporate on water bath. 
T D S ( g | - ) = ^ l ^ 
Where A = Final weight of dish 
B = Initial weight of dish 
V = Volume of the sample taken 
3.6.6 Total suspended solid (TSS) 
These were determined by calculating the difference between the total solids 
and total dissolved solids. 
TSS (g r ' ) = TS - TDS 
3.6.7 Total solids (TS) 
100 ml unfiltered sample was taken on evaporating dish and was allowed to 
evaporate on water bath. 
T . 1 VA ^ r h A-BxlOOO Total solids (g 1 ) == — 
Where A = Final wt of dish 
B = Initial wt of dish 
V = Volume of the sample taken 
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3.6.8 Dissolved oxygen (DO) & Biological oxygen demand (BOD) 
Different volumes of the samples were placed in BOD bottles (250 ml) to get 
several dilutions of the samples to obtain the required depletions ranging between 0.1 
and 1.0%. These bottles were filled with DDW, stoppered and one set of bottles was 
incubated for 5 days in an incubator maintained at 20°C and in other set, dissolved 
oxygen (DO) was determined immediately by adding 2 ml manganous sulphate 
solution (Appendix) followed by 2 ml alkali iodide azide reagent (Appendix) by 
means of graduated pipette by dipping its end below the surface of the liquid. The 
BOD bottles were stoppered and mixed well by inverting. The bottles were then 
allowed to stand till the precipitate settled half way, leaving clear supernatant above 
the manganese hydroxide flakes. The stopper was removed and 2 ml H2SO4 was 
immediately added. Each bottle was re-stopered and the contents were mixed by 
gentle inversion until dissolution was complete. 200 ml sample was taken in 500 ml 
conical flask, and then 2 ml starch indicator (Appendix) was added and titrated 
against 0.025N sodium thiosulphate solution (Appendix) till the disappearance of blue 
colour. The reading of sodium thiosulphate used up was indicative of DO of the 
sample in mg 1''. BOD was calculated using following relationship 
B O D ( m g , - ) = ^ 
where Dl and D2 are the DO of the diluted samples, 15 minutes after the 
preparation of the sample and after 5 days of incubation respectively and P is the 
decimal fraction of the sample used. 
3.6.9 Chemical oxygen demand (COD) 
0.4g mercuric sulphate was placed in a refluxing flask and 20 ml sample was 
added. Both were mixed well and 10 ml 0.25N potassium dichromate solution was 
added followed by 30 ml sulphuric acid and small amount of silver sulphate. A blank 
was run using distilled water. These were subjected to reflux for two hours, cooled 
and then diluted to 100 ml DDW. The contents were then titrated againt O.IN ferrous 
ammonium sulphate solution. 
ml sample 
where A = ml ferrous ammonium sulphate used for blank titration. 
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B = ml ferrous ammonium sulphate used for sample titration 
N - Normality of ferrous ammonium sulphate solution 
3.6.10 Calcium 
50 ml sample was taken in a conical flask and neutralized with acid. It was 
boiled for 1 minute and then cooled. 2 ml IN sodium hydroxide solution (Appendix) 
was added to maintain pH at 12-13. After the addition of 1-2 drops of ammonium 
purpurate indicator (Appendix), it was titrated slowly with 0.0IM EDTA and 
calculated as follows. 
^ , ,.,. AxBx400.8 
Ca (mg 1 ) = ; -— 
ml sample 
where A = ml titration for sample. 
B = mg CaCOs equivalent to 1.0 ml EDTA titrant at the calcium 
Indicator end point. 
3.6.11 Total hardness 
50 ml of water sample was taken in a conical flask and I ml ammonium 
chloride - ammonium hydroxide buffer solution was added. After the addition of 100 
mg erichrome black-T indicator, it was titrated against 0.0IM EDTA solution. 
T , , , , . 1-ir^r^r^ ml of EDTA uscd X1000 
Total hardness as mgl CaC03 = 
ml sample 
3.6.12 Magnesium 
It was estimated from EDTA and hardness titration (taken from total hardness 
estimation). 
Mg(mgl"')=Totalharciness(asmgCaCCy"')-Calciumhandnessx0244(asmg C^COjl'') 
3.6.13 Potassium 
The estimation of potassium was carried out directly with flame photometer at 
768 nm using appropriate filter and a standard curve by taking known concentrations 
of potassium. A stock solution of 1000 ppm K was prepared by dissolving 1.908 g 
KCl in DDW. From the stock solution aliquots were diluted in 50 ml volumetric flask 
with ammonium acetate solution to give 10 to 40 ppm of K. These were read with the 
help of flame photometer after setting zero for blank at 100 for 40 ppm K. The curve 
was obtained by plotting the readings against the different concentrations (10, 15, 20, 
25, 30, 35, and 40 ppm) of K. 
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3.6.14 Sodium 
Sodium was also estimated flame photometrically at 589mn using specified 
filter and standard curve by taking known concentrations of sodium salt. For standard 
curve 5.845g sodium chloride was dissolved in DDW and volume maintained at 1 
litre. This gave 100 meq 1'^  of Na. From this stock solution dilutions containing 5, 10, 
15, 20, 25, 30, 35, 40, 45, and 50 meq Na 1"' were prepared. Plotting the flame 
photometer readings on Y-axis against concentrations of sodium on X-axis, a curve 
was drawn. The concentration of sodium in the unknown sample was read from the 
curve. 
3.6.15 Carbonate and bicarbonate 
Estimation was done following the method of Richards (1954) 50 ml water 
sample was taken in a clear flask. To this 5 drops of phenolphthalein indicator were 
added. The appearance of pink colour indicated the presence of carbonate, then it was 
titrated against 0.0IN sulphuric acid till the solution turned colourless. To the above 
solution, 2 drops of methyl orange indicator were added. It was again titrated against 
O.OIN H2SO4 till the colour changed from yellow to rose red. This indicated the 
bicarbonate presence. 
(a) carbonate (meq 1"') = 2Y x normality of H2SO4 x 
ml aliquot 
= 2 Y x 2 
1000 (b) bicarbonate (meq 1 ) = (Z - 2Y) x normality of H2SO4 
ml aliquot 
where Y = reading of burette for titration of carbonate 
Z = reading of burette for titration of bicarbonate 
3.6.16 Chloride 
50 ml sample was taken in a flask and 2 ml potassium chromate indicator was 
added. It was titrated against 0.02N silver nitrate solution 
r^u. -J . ,-1N (mlX N of AgN03)x 1 0 0 0 X 3 5 . 5 Chloride (mg I ) = — 
ml sample 
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3.6.17 Phosphate 
To 100 ml sample containing not more than 0.2 mg phosphorus and free from 
colour and turbidity 0.05 ml phenolpthalein indicator was added. Sample turned pink. 
Strong sulphuric acid solution (Appendix) was added drop wise to discharge the 
colour. Smaller sample was taken and diluted to 1000 ml with DDW. After discharge 
of the pink colour with acid, 4 ml of 2.5% ammonium molybedate reagent (Appendix) 
was added. After 10 minutes the colour was measured with the help of 
spectrophotometer at 690 nm and comparison with the calibration curve was made 
using DDW blank. 
„ , ,.K mgPxlOOO 
P ( m g l ' ) = - ^ — 
ml sample 
3.6.18 Nitrate nitrogen 
First nitrate standard was prepared in the range of 0.1 to 1.0 mg 1'' N by 
diluting 1, 2, 4, 7 and 10 ml standard nitrate solution to 10 ml with DDW. Residual 
chlorine in the sample was removed by adding 1 drop sodium arsenite solution for 
each 0.1 mg CI and mixed. One drop was added in excess to 50 ml portion. For colour 
development, number of reaction tubes were set in wire rack. To each tube 10 ml 
sample was added. The rack was placed in cool water bath and 2 ml NaCl solution 
was added and mixed well. Then 10 ml H2SO4 was added and cooled. 0.5 ml 
sulphanilic acid solution (Appendix) was added and the tubes swirled to mix and then 
placed in water bath at not less than 95°C. After 20 minutes, it was taken out and 
cooled in a water bath. Reading was taken against a reagent blank at 410 nm. 
Standard curve was prepared from the absorbance values of the standard run together 
with the samples and correlated by subtracting their, sample blank, values from their 
final absorbance values. The concentration of NO3-N was read directly from the 
standard curve. 
3.6.19 Ammonia nitrogen 
For the estimation of ammonia nitrogen first preliminary distillation was 
performed. 500 ml ammonia free water was added to 20 ml borate buffer and the pH 
was adjusted to 9.5 with 6N sodium hydroxide solution (Appendix). A few glass 
beads were added and the mixture was used to steam out the distillation apparatus 
until the distillate showed no trace of ammonia. For ammonia nitrogen content of less 
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than 100 \ig 1"', volume of 4 litre was used. Residual chlorine was removed in the 
sample by adding dechlorintaing agent, 25 ml borate buffer was added and the pH 
was adjusted to 9.5 with 6N NaOH, using pH meter. Distillation of sample was done. 
The steaming out flask was disconnected and the sample was immediately transferred 
to the distillation apparatus. It was distilled at the rate of 6 to 10 ml minute"' with the 
help of delivery tube submerged. The distillate was collected in 500 ml flask, 
containing 50 ml boric acid solution. At least, 300 ml distillate was collected. It was 
diluted to 500 ml with ammonia free water. 100 ml sample was taken in 500 ml 
Kjeldhal flask with ammonia free distilled water and diluted to 250 ml. Again it was 
distilled as before with few pieces of paraffin added to the distillation flask and 100 
ml distillate was collected. Ammonia in the distillate was titrated against standard 
0.02N H2SO4 titrant until the indicator turned to pale lavender. A blank was run 
through all the steps of the procedure. 
. . . . . ,.,, A-Bx280 
Ammonia N (mg 1 ) = 
ml of sample 
Where A = ml H2SO4 titration for sample 
B = ml H2SO4 titration for blank 
3.6.20 Sulphate 
In a conical flask 100 ml sample was taken and 5 ml conditioning reagent was 
mixed. The contents of the flask were stirred for one minute on magnetic stirrer and 
small amount of barium chloride was added during stirring. It was read at 420 nm 
with the help of spectrophotometer. Standard sulphate solution was prepared by 
dissolving 0.1479g sodium sulphate in DDW, making the volume 1 litre. From this 0-
40 mg r ' dilutions were prepared at the interval of 5 mg 1"'. A standard curve was 
prepared by plotting the reading for each duration using spectrophotometer. 
3.7 Estimation of heavy metals in wastewater and soil 
Since in Aligarh the most dominant industraies are those of electroplating and 
the waste is mostly dischrged in the sewers and thus it was decided to estimate Cd, Ni, 
Cr, and Pb but due to the limitation of the facilities the analysis in the plant tissues 
could not be carried out, however the water and soil samples were analyzed by 
sending the samples to IIT Roorkee (Table 4a). The samples (350ml) were digested 
with sulphuric acid and its volume was reduced to 70ml and then filtered. The filterate 
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^^•^*=^:f^---^ 
Fig. 1(a). Drain showing the pumping of wastewater at the local farmer's field on the outskirts of 
Aligarh City from whae the wastewater was collected. 
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'«« 
Fig. 1(b). Another view of wastewater pumping at the local farmer's field on the outskirts of 
Aligarh City from whae the wastewater was collected. 
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was analyzed for the above mentioned heavy metals using Atomic Absoqjtion 
Spectrophotometer (model GBC Avanta M). 
3.8 Microbiological examination of wastewater 
The standard of wastewater used for crop irrigation was assessed (Table 4b) as 
per the quality guidelines of WHO (1989) and FAO (1994). The parameters like total 
bacterial viable count, coliforms, faecal coliforms and presence of Shigella and 
Salmonella were analysed using standard most possible number (MPN) and or plate 
count methods as described by APHA (1998) and Cappucino and Shreeman (1992). 
3.8.1 Most probable number (MPN) 
It is used to determine the mean concentration of coliform bacteria present in 
wastewater. For its estimation, samples were collected in sterile bottles, and diluted to 
100 fold or as required in NSS. Then 3 series of Mac Conkey's broth tubes were 
made, first row with 5 tubes containing 10 ml double strength Mac Conkey's broth, 
second and third row with 5 tubes each containing single strength broth. Each tube 
should have one Durham's tube. Now 3 series were made for EC broth each row 
containing 5 tubes, each containing 5 ml of EC broth. Now 10 ml of diluted sample 
was inoculated in the first two tubes, 1 ml in second row tubes and 0.1 ml in third row 
tubes of Mac Conkey's broth. All the tubes were then incubated for 48 hrs at 37°C, 
then Mac Conkey's tubes were observed for gas production and total number of tubes 
for production was counted then EC broth tube was inoculated with 0.1 ml from 
positive tube of MacConkey was inoculated showing gas production. Then these tubes 
were incubated at 44.2°C in shaker incubation for 24 hours and the number of tubes 
for gas production was counted. 
3.8.2 Plate count method 
It is used to estimate the number of heterotrophic bacteria in water. Single 
colony is supposed to arise from single cell. However, it may arise from more than 
one cell. Therefore, instead of cell number, the term "Colony Forming Units" (CFU) 
are used to indicate bacterial viable count. 10 ml wastewater was mixed with 90 ml 
sterie normal saline solution. From this 1ml was taken and serially diluted in 9 ml of 
sterie NSS. 0.1 ml sample was taken from the serially diluted tubes and spread on the 
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Table 4a. Heavy metal 
analysis of soil and water during four experiments. 
Heavy metals 
Cd 
Cr 
Ni 
Pb 
Experiment I 
Soil 
0.21 
0.054 
0.81 
0.74 
Wastewater 
(mgl') 
0.006 
0.004 
0.341 
0.031 
Experiment H & HI 
Soil 
(jvgg') 
0.18 
0.042 
0.72 
0.69 
Wastewater 
(mg l') 
0.007 
0.007 
0.472 
0.029 
Experiment IV 
Soil ^-.~*» 
(Hgg') 
0.24 
0.059 
0.84 
0.83 
(mgl"') 
0.008 
0.006 
0.498 
0.039 
Table 4b. Microbiological analysis of wastewater. 
Bacterial count 
Bacteria 
Total 
heterotrophic 
bacteria 
Coliforms 
Faecal coliforms 
Method used 
method 
MPN 
Experiment I 
Sp,ea.P,a,e X^^^IO'CFU 
100 ml 
Experiment Experiment IV 
II & HI 
28.4x10^ CFU 19.2x10^ CFU 
100 mr> 100«"' 
n^ethod 2.3xl0M00ml-> ; 1.9xl0M00ml-' 
Salmonella-
Shigella sp 
MPN= Most probable number 
CFU= Colony forming unit 
18.3x10' 
100 ml'' 
MPN method 9.9xl0M00mV 
,1 : 7.2xioMoomr' 9.2xioMoomr' 
Spread plate i.QxioMOO ml'' 
method 
1.3xl0M00ml-' l.SxloMOOml'' 
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above mentioned media, these plates were the incubated for 2^^^^i0TH^at4v'/^ 
(Cappucino and Sherman, 1992). * / ' < - ' ^ \ \ \ * . 
The colonies were counted as CFU (colony forming xmit)/ml "^.i."'^' ' ' ^ ' 
^^ , , ,-1 ^ Number of Colonies '<s Ss_ _^  ^ 
CFU ml ' of water = '^^^,>-^^-^7^ci • 
Dilution factor ^'JQi Univct^ V 
Mean value of at least three samples indicated the most probable number of 
coliform 2.3x10^ 100 ml'' of wastewater. Similarly, faecal coliform level was 9.9x10^ 
100 ml'*. The above level of bacterial contamination is lower with the microbiology 
quality guideline of WHO (1989). Presence of Salmonella and Shigella like organisms 
on specific medium indicated the presence and survival of potentially pathogenic 
bacteria. Although no guideline is available for such bacteria for irrigation purpose. 
Thus on the basis of microbiological quality assessment of wastewater and 
considering the present guideline of WHO it may be concluded that: 
> The wastewater requires treatment to meet the quality guideline to be used for 
crops to be eaten uncooked. 
> The wastewater may be recommended to be used for irrigating crops like 
cereal crops, fodder crops, pasture crops and trees. 
> Further investigation for the presence of protozoan cysts, viruses etc. may be 
helpful. Monitoring of such wastewater should be mandatory. 
3.9 Soil Analysis 
Before sowing soil samples were taken in small quantity randomly from each 
pot mixed well and grounded with the help of mortar and pestle and passed through a 
2mm sieve and then analysed for various physico chemical characteristics (Table 5). 
3.9.1 Cation exchange capacity (CEC) 
CEC of soil was determined by the method of Ganguly (1951). To 10 g soil, 
0.2N HCl was added. It was shaken for 30 minutes, filtered and washed with DDW, 
till it became free from chloride ions, which was checked with AgNOs. The residue 
was transferred from the filter paper to a beaker and suspension of known 
concentration was prepared. It was then treated with 10 ml of standard KCl solution, 
shaken for 30 minutes and left overnight. Then it was titrated with O.IN NaOH, using 
phenolphthalein indicator (Appendix). From the amount of NaOH required, the CEC 
of samples was calculated as follows. 
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CEC(meqlOOg'') K VolumeofO.lNNaOHxNofNaOH Weight of the sample 
3.9.2 Organic carbon 
It was estimated by the method of Walkley and Black (1934). 2 g sample was 
taken in a 500 ml conical flask. To this 10 ml of IN potassium dichromate solution 
(Appendix) and 20 ml concentrated sulphuric acid were added. After shaking for 
about 2 minutes, it was kept on an asbestos mat for 30 minutes. 200 ml DDW, 10 ml 
phosphoric acid (85%) and 1 ml of diphenyl amine indicator (Appendix) were added. 
Deep violet colour appeared which was titrated with 0.5N ferrous ammonium sulphate 
solution (Appendix) till the colour changed to purple and finally green. 
Simultaneously a blank was run without sample. 
0/ fr\ • r^ u Blank titre - Actual titre . . _ . , . . , . 
% of Organic Carbon = ^ x0.003xl00xN 
Weight of sample 
where N = normality of ferrous ammonium sulphate 
3.9.3 Nitrate nitrogen 
It was estimated according to the method of Ghosh et al. (1983). 20 g soil was 
shaken continuously with 50 ml DDW for 1 hour in a 100 ml conical flask fitted with 
rubber stopper. A pinch of CaS04 was added and shaken. Then the contents were 
fihered through a Whatman fitter paper No 1. 20 ml clear filterate was transferred to 
50 ml porcelain dish and was evaporated to dryness on steam bath. After cooling 3 ml 
phenol disulphonic acid (Appendix) was added and allowed to react for 10 minutes. 
15 ml DDW was added and stirred with glass rod until the residue was dissolved. 
After cooling the contents were washed down into 100 ml volumetric flask, to this l.T 
liquid ammonia (Appendix) was added slowly and mixed well, till the solution 
became alkaline which was indicated by the appearance of yellow colour due to 
presence of nitrate. Then another 2 ml ammonia was added and finally the volume 
was made up to 100 ml with DDW. The intensity of yellow colour was read at 410 nm 
with spectrophotometer. 
For standard curve, stock solution containing 100 ppm nitrate was prepared by 
dissolving 0.722g potassium nitrate in DDW and the volume was made up to 1 litre. 
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This was diluted 10 times to give 10 ppm NO3-N solution. Aliquots (2, 5, 10, 15, 20 
and 25 ml) were evaporated on water bath to dryness in small porcelain dishes. After 
cooling, 3 ml phenol disulphonic acid was added and yellow colour was read as 
described above, simultaneously a blank was also run. 
3.9.4 Phosphorus 
To 2.5 g soil sample in 100 ml conical flask, a pinch of Draco G60 was added 
followed by 50 ml of Olsen's reagent (Appendix). The flask was shaken for about 30 
minutes on a shaker and then the contents were filtered through a Whatman filter 
paper No 1. In the filtrate phosphorus was estimated through spectrophotometer by 
Dickman and Bray's (1940) method. 
5 ml soil extract was pipetted into a 25 ml volumetric flask and 5 ml Dickman 
and Bray's reagent (Appendix) was poured drop by drop with constant shaking till 
effervescence due to CO2 evolution ceased. The inner wall of the flask neck was 
washed with DDW and the contents diluted to about 22 ml. Then 1 ml stannous 
chloride solution (Appendix) was added and the volume was made up to the mark. 
The intensity of blue colour was read at 660 nm on spectrophotometer. For the 
standard curve 0.439 g potassium dihydrogen orthophosphate (KH2PO4) was 
dissolved in half litre of DDW. To this 25 ml 7 N sulphuric acid (Appendix) was 
added and volume was maintained up to 1 litre with DDW, giving 100 ppm stock 
solution of phosphorus. From this, 2 ppm solution was made after 50 times dilution. 
For the preparation of standard curve, different concentrations of P (1, 2, 3, 4, 5 and 
10 ml of 2 ppm phosphorus solution) were taken in 25 ml volumetric flasks. To these, 
5 ml of extracting reagent (Olsen's reagent) was added. The colour was developed by 
adding Dickman and Bray's reagent and stannous chloride and read at 660nm. A 
blank was run without the sample. The curve was plotted and the amount of P was 
calculated from the curve. 
3.9.5 Potassium 
5g soil was shaken with 25 ml IN ammonium acetate (Appendix) for 5 
minutes and was filtered immediately through a Whatman filter paper No 1. Stock 
solution of 1000 ppm K was prepared by dissolving 1.908g KCl in 1 litre DDW. From 
the stock solution aliquots were diluted in 50 ml volumetric flask with ammonium 
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acetate solution to give 10 to 40 ppm of K. These were read with the help of flame 
photometer after setting zero for the blank at 100 for 40 ppm of K. The curve was 
obtained by plotting the readings against the different concentrations (10, 15, 20, 25, 
30, 35, and 40 ppm) of K. 
3.9.6 Preparation of soil extract for calcium, magnesium, chloride, carbonate, 
bicarbonate and sulphate 
100 g sample transferred to 750 ml flask, to which 500 ml DDW was added 
and the flask was shaken for about 1 hour. The contents were filtered through 
Buchner tunnel and were estimated following the procedures as described in the 
earlier section of water analysis. 
3.10 Biometric observations 
For investigating the comparative effect of wastewater, ground water and 
fertilizers, observations were carried out at vegetative, flowering and fruiting stages of 
the crop. 
3.11 Growth characteristics 
The following growth characteristics were observed at three stages 
1. Shoot length (cm) 
2. Root length (cm) 
3. Plant fresh mass (g planf^) 
4. Plant dry mass (g plant'') 
5. Nodule number 
6. Nodule fresh mass plant"' (mg plant'') 
7. Nodule dry mass plant'' (mg plant'') 
8. Leaf area (cm planf ) 
For assessing dry weight three plants from each treatment were dried, after 
taking their fresh weight, in hot air oven at 80°C for two days and weighed. Leaf area 
was measured by using leaf area meter (LA 211, Systronics, India). 
3.12 Physiological and photosynthetic parameters 
Following parameters were studied at three stages of growth. 
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3.12.1 Net photosynthetic rate, Stomatal conductance, Internal CO2, Water use 
efficiency, Transpiration rate 
The above mentioned photosynthetic characteristics were measured in upper 
fully expanded leaves of intact plants using portable photosynthetic system LICOR-
6400, Lincoln, NE, USA). The measurements were done on sunny days. 
3.12.2 Leaf nitrate reductase activity (NRA) 
It was estimated by the method of Jaworski (1971). Random samples of leaves 
from each plant were taken and cut into small pieces. 200 mg fresh leaf pieces were 
weighed and placed in polythene vials. To each 2.5 ml phosphate buffer (O.IM) pH 
7.5 (Appendix) and 0.5 ml potassium nitrate 0.2 M solution (Appendix) was added 
followed by addition of 2.5 ml 5% isopropanol (Appendix). Lastly two drops of 
chloramphenicol solution were added to avoid bacterial growth in the medium. The 
vials were incubated for 2 hours in the dark at 30°C. 0.4 ml incubated mixture was 
taken in a test tube to which 0.3 ml of 1% sulphanilamide (Appendix) and 0.02% N-1 
naphthylethylene diamine dihydrochloride (Appendix) were added. The solution was 
left for 20 minutes for maximum colour development. It was diluted to 5 ml with 
DDW and optical density was read at 540 rmi using spectrophotometer. A blank 
consisting of 4.0 ml DDW and 0.3 ml each of sulphanilamide and NED-HCl, was 
used simultaneously for comparison. Standard curve was plotted by taking known 
graded dilutions of sodium nitrate form a standard aqueous solution of this salt. The 
optical density of the sample was compared with the calibrated curve and NRA was 
expressed as |i mol NOig'^ h'' fresh leaf tissue. 
3.12.3 Carbonic anhydrase (CA) activity 
Carbonic anhydrase was estimated by adopting the method of Dwivedi and 
Randhava (1974). The fresh leaf samples were cut into the small pieces at a 
temperature below 25°C. 200 mg of these leaf pieces were weighed and cut further 
into smaller pieces in 10 ml of 0.2 M cystein hydrocloride (Appendix) and left for 20 
minutes at 4°C. The leaf pieces were taken out of the petriplates and adhering solution 
was soaked with the help of blotting paper. These desired samples were then 
transferred to a test tube containing 4 ml phosphate buffer of pH 6.8 (Appendix). To 
this test tube 4 ml of 0.2 M sodium biocarbonate (Appendix) in 0.2N NaOH 
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(Appendix) and 0.2 ml of bromothymol blue (0.002%) indicator (Appendix) were 
added. Test tubes were shaken gently and left for 20 minutes at 4°C. CO2 liberated by 
the catalytic action of carbonic anhydrase on NaHCOs was estimated by titrating the 
reacting mixture against 0.0IN hydrochloric acid (Appendix) using methyl red 
(Appendix) as an indicator. The control reaction mixture was also titrated against 
0.0IN HCI. In each case the quantity of HCl used to neutralize was noted and the 
difference was calculated. The activity of enzyme was calculated by putting the 
values in the formula. 
[mol (CO2) kg'* (leaf fresh mass) s''] 
W 
where V = difference in vol. of HCl in control and the sample 
22 = Equivalent wt. of CO2 
N = Normality of HCl 
W = Weight of tissue used 
3.12.4 Chlorophyll estimation 
Chlorophyll was estimated following the method of Mac Kinney (1941). Fresh 
leaves O.lg were homogenised in a mortar in the presence of sufficient quantity of 
80% acetone. The extract was filtered and supernatant collected in the volumetric 
flask. The process was repeated thrice and each time supernatant was collected in the 
same flask. Finally the volume was made up to 10 ml with 80% acetone. 5 ml sample 
of chlorophyll extract was transferred to a cuvette and absorbance was read at 645 and 
663 nm on spectrophotometer. The following formula was used to calculate 
chlorophyll contents. 
Total Chlorophyll content (mg g"') = [20.2 (D645) + 8.02(D663) x X 
where V = Volume of solution 
W = Weight of tissue used for extraction of pigments 
3.12.5 Leghemoglobin content 
The leghemoglobin content, in fresh nodules was estimated following the 
method described by Sadasivam and Mannickam (1992). 200 mg fresh nodules were 
mixed with 3 ml of 0.1 M sodium phosphate buffer (Appendix) and macerated in a 
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mixture followed by filtration through two layers of cheese cloth. The nodule debris 
was discarded. The turbid reddish brown filtrate was centrifiiged at 10,000 rpm for 
10-30 minutes. 3 ml pyridine reagent (Appendix) was added to 3 ml of extract and 
mixed. The solution becomes greenish yellow due to the formation of hemochrome. 
The hemochrome was divided equally in two test tubes. To one test tube, a few 
crystals of hexacyanoferrate were added to oxidise the hemochrome and read at 539 
nm on spectrophotometer (Spectronic 20D, Milton Roy, USA). To the other test tube 
a few crystals of sodium dithionite were added to reduce the hemochrome. This 
mixture was read at 556 nm after an interval of 2-5 minutes, against a reagent blank. 
The leghemoglobin content (mM) was calculated by using the formula 
Lb concentration (mM) = "^"'""^"^ x 2D 
23.4 
Where D is initial dilution 
A556 and A539 are absorbance at 556 and 539 nm, respectively. 
3.13 Leaf analysis 
Dried leaf samples collected at vegetative, flowering and fruiting stages were 
used for the estimation of N, P and K contents. The details of estimation procedures 
are as follows. 
3.13.1 Digestion of leaf samples 
Healthy leaves from oven dried plant material collected at different growth 
stages were used for N, P and K estimation. The dried leaves were removed and 
powdered with mortar and pestle and passed through a 72 mm mesh screen. 50 mg of 
this oven dried powder from each replicate was transferred to a 50 ml kjeldhal flask to 
which 2 ml sulphuric acid was added. The contents of the flask were heated on 
temperature controlled assembly for about 2 hours, to allow complete reduction of 
nitrate present in the plant material by organic matter itself. As a result the content of 
the flask turned black. After cooling the flask for about 15 minutes, 0.5 ml 30% H2O2 
was added drop by drop and the solution was heated again till the colour changed 
from black to light yellow. Again after cooling for 30 minutes additional 3-4 drops of 
30% H2O2 was added and then again heated for about 15 minutes, the process was 
repeated till the contents of the flask became colourless. The peroxide digested 
material was then transferred to 50 ml volumetric flask with three washings with 
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DDW. The volume of the flask was maintained up to the mark for the estimation of N, 
P and K contents. 
3.13.2 Nitrogen estimation 
It was estimated according to Lindner (1944). 10 ml aliquot of peroxide 
digested material was taken in a 50 ml conical flask. To this 2 ml 2.5 N sodium 
hydroxide (Appendix) and 1 ml 10% sodium silicate solution (Appendix) was added, 
it was neutralized with excess of acid. Volume was made up to the mark with DDW. 
In a 10 ml graduated test tube, 5 ml of this solution was taken and 0.5 ml Nessler's 
reagent (Appendix) was added. The final volume was made with DDW. The contents 
of tube were allowed to stand for 5 minutes for maximum colour development. The 
solution was transferred to a colorimetric tube and optical density (OD) was read at 
525 nm with the help of spectrophotometer. 
3.13.2.1 Standard curve for nitrogen 
50 mg ammonium sulphate was dissolved in 1 litre DDW. From this solution 
0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, and 1.0 ml was pipetted to 10 different test 
tubes of 10 ml volume. The solution in each test tube was diluted to 5 ml with DDW 
and after adding 0.5 ml Nessler's reagent volume of each tube was maintained up to 
the mark with DDW. The optical density was read at 525 nm on spectrophotometer. A 
blank was also run with each set of determination. Standard curve was plotted using 
different concentrations of ammonium sulphate solution versus optical density (OD) 
and nitrogen of the sample was determined with the help of this standard curve. 
3.13.3 Phosphorus estimation 
The method of Fiske and Subba Row (1925) was used to estimate the total 
phosphorus in the digested material. 5 ml aliquot was taken in a 10 ml graduated test 
tube and 1 ml molybdic acid reagent (2.5%) (Appendix) was carefully added, 
followed by the addition of 0.4 ml (l-amino-2-naphthol-4-sulphonic acid) 
(Appendix). Addition of this turned the colour of the contents blue. Volume was 
maintained up to 10 ml with DDW. The solution was shaken for 5 minutes for 
maximum colour development and subsequently transferred to a colorimetric tube. 
The optical density was read at 620 nm on spectrophotometer. A blank was also run 
simultaneously. 
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3.13,3.1 Standard curve for phosphorus 
351 mg monobasic dihydrogen orthophosphate was dissolved in sufficient 
DDW to which 10 ml ION H2SO4 was added and final volume was made up to 1000 
ml with DDW. From this solution 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 ml 
was taken in ten different graduated test tubes. The solution in each test tube was 
diluted to 5 ml with DDW. In each tube 1 ml molybdic acid reagent and 0.4 ml 1-
amino-2 napthol-4-sulphonic acid was added and the final volume was made up to 10 
ml with DDW in all the test tubes. After 5 minutes, optical density was read at 620 
nm on spectrophotometer. A blank was also run with each set of determination. 
Standard curve was plotted using different dilutions of potassium dihydrogen 
orthophosphate solution versus optical density with the help of standard curve, the 
amount of phosphorus present in the sample was determined. 
3.13.4 Potassium estimation 
Potassium was estimated with the help of flame photometer. 10 ml aliquot was 
taken and it was read by using the filter for potassium. A blank was also run side by 
side with each set of determination. The readings were compared with a calibration 
curve plotted against known dilutions of standard potassium chloride solution. 
3.13.4.1 Standard curve for potassium 
1.91 g potassium chloride was dissolved in 100 ml DDW of which 1 ml 
solution was diluted to 1000 ml. From this resulting solution of 10 ppm 1, 2, 3, 4, 5, 6, 
7, 8, 9, and 10 ml solution was transferred to 10 vials separately. The solution in each 
vial was diluted to 10 ml with DDW. The dilute solutions of each vial were run 
separately. A blank was also run with each set of determination. Standard curve was 
prepared using different dilutions of potassium chloride solution versus reading on the 
scale of galvanometer. The amount of potassium present in the sample was 
determined with the help of standard curve. 
3.14 Yield characteristics 
For this, five plants from each treatment were collected at the time of harvest, 
i.e. when the crop attained physiological maturity. Following yield characteristics 
were observed. 
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1. 100 seed weight 
2. Pods plant"' 
3. Seeds pod"' 
4. Seed yield 
5. Seed protein content 
3.15 Seed analysis 
The seeds collected at harvest were chemically analysed for the protein 
contents. The seed samples of each treatment were dried and ground to fine powder 
and passed through a 72 mm mesh sieve. The powder was stored in the polythene bag 
with proper identification. Before analysis, these samples were kept at 80 °C in an 
oven overnight. 
3.15.1 Estimation of total proteins 
The method of the Lowry et al. (1951) was followed. 50 mg oven dried seed 
powder was transferred in glass centrifuged tube, to which 5 ml of 5% trichloroacetic 
acid was added. The solution was allowed to stand for 30 minutes at room 
temperature with thorough shaking for the complete precipitation of the proteins. The 
material was centrifuged at 4,000 rpm for 10 minutes and the supernatant was 
discarded. 5 ml of IN sodium hydroxide was added to the residue and mixed well. It 
was left for 30 minutes on water bath at 80°C so that all the precipitated proteins may 
completely get dissolved. After cooling for 15 minutes, the mixture was centrifuged at 
4,000 rpm for 15 minutes and the supernatant containing protein fraction together 
with three washing with IN NaOH was collected in 25 ml volumetric flask. Volume 
was made up to the mark with IN NaOH and used for the estimation of proteins. 1ml 
sodium hydroxide extract was transferred to 10 ml test tube and 5 ml reagent-B 
(Appendix) was added. The solution was mixed well and allowed to stand for 10 
minutes at room temperature. 0.5ml Folin phenol reagent (Appendix) was added 
rapidly with immediate mixing. The blue colour developed and was left for 30 
minutes for maximum colour development. Absorbance of this solution was read at 
660 nm. A blank containing DDW, reagent-B and Folin phenol reagent was 
simultaneously run with each sample. The protein contents were calculated by 
comparing the optical density of each sample with calibration curve plotted by taking 
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known graded dilutions of standard solution of Bovine serum albumin (Fraction-V) 
and the seed protein contents were expressed in terms of percentage on dry weight 
basis. 
3.15.1.1 Standard curve for total proteins 
50mg bovine serum albumin (Fraction-V) was dissolved in 50 ml DDW, of 
which 10 ml solution was diluted to 50 ml. 1 ml of this solution contains 200 [xg 
protein. From this 0.2, 0.4, 0.6, 0.8 and 1.0 ml solution was transferred to 15 test tubes 
separately. The solution in each test tube was diluted to 1 ml with DDW. A blank of 1 
ml DDW was also run with each set of determination. 5 ml reagent-D to each tube 
including blank was mixed well and allowed to stand for 10 minutes. To this solution 
0.5 ml Folin phenol reagent was added and mixed well and incubated at room 
temperature in the dark for 30 minutes. Blue colour developed and was read at 
660nm. 
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4.1 Parameters studied 
In all the four experiments, eight growth parameters were studied which included 
the shoot and root length, plant fresh and dry mass, leaf area planf' and nodule number, 
their fresh and dry mass while the physiological and photosynthetic characters included 
the leghemoglobin content in the nodules, leaf nitrogen (N), phosphorus (?) and 
potassium (K) content, Nitrate reductase activity (NR activity), carbonic anhydrase 
activity (CA activity), chlorophyll content, photosynthetic rate (PN), stomatal 
conductance (gs), transpiration rate, water use efficiency (WUE) and internal carbon 
dioxide concentration (Cj) and finally at harvest five parameters studied were the number 
of seeds per pod, number of pods per plant, 100 seed weight, seed yield and protein 
content. 
4.2 Experiment I 
This experiment was conducted in a complete randomized block design to assess 
the comparative effect of wastewater and ground water in presence of nitrogen. For this 
purpose three levels of water viz., 100%WW, 50%WW and GW together with four 
levels of nitrogen viz., No, N15, N30 and N45 were taken to study the growth, 
photosynthesis and yield characteristics of Cicer arietinum L. (chickpea). The growth 
and various physiological and photosynthetic parameters were studied at vegetative, 
flowering and fruiting stages while the yield and quality parameters were studied at 
harvest. Only the significant data is briefly described below. 
4.2.1 Shoot length 
Irrigation with wastewater significantly enhanced the growth of the plants and 
thus produced taller plants as compared to ground water. 100% WW recorded an 
increase of 5.77, 4.62, and 5.15% over GW irrigated plants at three samplings viz., 
vegetative, flowering and fruiting stage (Table 6a). Even 50% WW proved better than 
GW. Among the four nitrogen doses, N30 proved best at all the three stages, recording an 
increase of 20.12, 17.72, and 17.65% over No, however, at the last sampling the value 
obtained from N30 was at par with N15. The lowest value expectedly was recorded in NQ. 
Higher nitrogen dose, 45 kg ha"' could not increase the plant height further instead, the 
plants were adversely affected when compared to N30 or N15 treatments. While among 
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Table 6. Effect of GW, 50%WW and 100%WW on (a) shoot and (b) root length (cm) of 
chickpea (Cicer areitinum L.) grown under different levels of nitrogen at vegetative, 
flowering and fruiting stages. 
Treatments 
/Water 
No 
N,5 
N30 
N45 
Mean 
No 
N,5 
N30 
N45 
Mean 
GW 
20.33 
24.33 
27.88 
26.57 
24.78 
GW 
37.82 
45.43 
48.03 
47.43 
44.68 
Vegetative stage 
50%WW 100%WW 
22.87 
26.33 
26.53 
24.96 
25.17 
24.93 
28.14 
27.43 
24.32 
26.21 
Fruiting stage 
50%WW 100%WW 
41.40 
45.83 
46.27 
45.10 
44.65 
43.17 
49.63 
49.67 
45.43 
46.98 
(a) Shoot 
Mean 
22.71 
26.27 
27.28 
25.28 
Mean 
40.79 
46.97 
47.99 
45.99 
length (cm) 
GW 
32.57 
41.13 
43.97 
40.03 
39.43 
Water 
Nitrogen 
Interaction 
Flowering stage 
50% WW 
38.03 
41.50 
42.87 
38.87 
40.32 
Vegetative 
stage 
0.633 
0.548 
1.068 
100%WW 
39.97 
44.13 
43.34 
37.57 
41.25 
LSD at 5% 
Flowering 
stage 
1.229 
1.064 
2.074 
Mean 
36.86 
42.26 
43.39 
38.82 
Fruiting 
stage 
1.350 
1.169 
2.278 
Mean 
Treatments 
/Water 
No 
N,5 
N30 
N45 
GW 
7.93 
9.37 
11.23 
11.27 
Vegetative stage 
50%WW 100%WW 
8.13 
10.73 
11.03 
11.47 
8.63 
9.47 
10.47 
11.20 
(b) Root 
Mean 
8.23 
9.86 
10.91 
11.31 
length (cm) 
GW 
11.73 
13.93 
15.37 
14.67 
Flowering stage 
50% WW 
13.33 
14.67 
15.73 
15.17 
100%WW 
14.03 
15.53 
16.17 
15.37 
Mean 
13.03 
14.71 
15.76 
15.07 
9.95 10.34 9.94 13.93 14.73 15.28 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
No 
N,5 
N30 
N45 
10.53 
13.37 
12.63 
9.47 
10.83 
11.27 
12.36 
10.43 
10.21 
10.53 
12.72 
10.93 
10.52 
11.72 
12.57 
10.28 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Nitrogen 
Interaction 
0.351 
0.304 
0.593 
0.470 
0.407 
NS 
0.333 
0.289 
0.563 
1.50 11.22 11.10 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha . A uniform basal dose of phosphorus and 
potassium at the rate of 20 kg ha"' each was applied one day prior to sowing. 
NS- Non significant 
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the interactions, a comparatively lower nitrogen dose N15 together with wastewater viz., 
100%WWxNi5 was the most effective combination in increasing the height of the plants 
and gave an increase of 38.42, 35.49, and 31.23% at all the growth stages studied, being 
at par with ground water irrigated plants with comparatively higher nitrogen dose of N30 
viz., GWXN30 indicating the utility of wastewater as a source of nitrogen. Height of the 
plants increased with the age and the rate of increase between vegetative to flowering 
was more than between flowering to fruiting stage. 
4.2.2 Root Length 
Root growth and hence root length was also significantly affected by the 
wastewater treatments and the response was different at three sampling stages (Table 
6b). At vegetative stage the highest value was recorded for 50% WW with a marginal 
increase of 3.92% over GW while at flowering 100% WW produced plants with better 
root length and showed an increase of 9.69% and at fruiting the roots of GW irrigated 
plants were better compared to wastewater irrigated plants. The root length obtained 
from N45 was better than the rest of the treatments at vegetative stage while at the later 
stages of growth maximum root length was recorded for N30 with an increase of 20.95 
and 19.49% over control No. Among the interactions, at vegetative stage, 50% WWXN45 
produced maximum root length followed by GWXN45, GWxNso, 100%WWxN45 and 
50%WWxN3o, which were also at par with each other while at fruiting the maximum 
root length was obtained under GWxNis followed by 100% WWXN30, GWXN30 and 
50%WWxN3o which were also at par. However, the interaction at flowering was non-
significant. The root length increased up to flowering. 
4.2.3 Fresh mass plant' 
Water treatments also significantly affected the fresh mass with maximum 
recorded under 100% WW irrigation showing an increase of 2.99, 1.67 and 2.19% over 
GW (Table 7a). After dilution, 50%o WW also proved better as compared to GW and at 
three stages it was at par with 100%WW. Fresh mass was also significantly affected by 
various nitrogen treatments and maximum values were obtained from the treatment N30. 
It recorded an increase of 17.15, 15.21 and 16.65% over No at three samplings. At 
vegetative stage, it was followed by N15 and by N45 in next two stages. Comparatively 
lower nitrogen dose (N15) together with 100% WW proved better combination as it 
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Table 7. Effect of GW, 50%WW and 100%WW on plant (a) fresh and (b) dry mass (g) of 
chickpea (Cicer areitinum L.) grown under different levels of nitrogen at vegetative, 
flowering and fruiting stages. 
Mean 
Treatments 
AVater 
No 
Ni5 
N30 
N45 
GW 
8.55 
9.63 
10.39 
10.24 
Vegetative stage 
50%WW 100%WW 
9.08 
10.11 
10.57 
10.04 
9.14 
10.65 
10.38 
9.76 
(a) Plant 
Mean 
8.92 
10.13 
10.45 
10.02 
fresh mass 
GW 
10.75 
11.89 
12.61 
12.58 
Flowering stage 
50%. WW 
10.93 
12.10 
12.66 
12.30 
100%WW 
11.27 
12.66 
12.70 
12.00 
Mean 
10.98 
12.22 
12.65 
12.29 
9.70 9.95 9.99 11.96 12.00 12.16 
Fruiting stage LSD at 5% 
Mean 
GW 50%,WW 100%WW Mean 
No 
N,5 
N30 
N45 
12.07 
13.45 
14.70 
14.51 
12.52 
13.91 
14.59 
14.39 
12.89 
14.59 
14.41 
14.03 
12.49 
13.98 
14.57 
14.31 
13.68 13.85 13.98 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Nitrogen 
Interaction 
0.158 
0.136 
0.266 
0.172 
0.149 
0.291 
0.164 
0.142 
0.277 
Mean 1.90 
Treatments 
AVater 
No 
N,5 
N30 
N45 
GW 
1.34 
1.93 
2.52 
1.82 
Vegetative stage 
50%WW 100%WW 
1.89 
2.15 
2.03 
1.77 
2.04 
2.25 
2.11 
1.64 
(b) Plant dry mass 
Mean GW 
1.76 2.24 
2.11 2.95 
2.22 3.22 
1.74 2.74 
Flowering stage 
50% WW 
2.45 
3.03 
3.19 
2.40 
100%WW 
2.74 
3.21 
3.09 
2.30 
Mean 
2.48 
3.06 
3.17 
2.48 
.96 2.01 2.79 2.77 2.84 
Fruiting stage LSD at 5% 
No 
N,5 
N30 
N45 
Mean 
GW 50%WW 100%WW Mean 
2.89 
3.30 
3.86 
3.63 
3.03 
3.45 
3.66 
3.43 
3.17 
3.76 
3.70 
3.32 
3.42 3.39 3.49 
3.03 
3.51 
3.74 
3.46 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Nitrogen 
Interaction 
0.044 
0.038 
0.074 
0.062 
0.053 
0.104 
0.061 
0.053 
0.103 
N.B.: Subscript values denote the amount of nitrogen (N) in leg ha . A uniform basal dose of phosphorus and 
potassium at the rate of 20 kg ha" each was applied one day prior to sowing. 
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recorded an increase of 24.56, 17.77 and 20.88% over GWxNo at all the three stages and 
this treatment gave the values which were at par with higher nitrogen doses in 
combination with three levels of water viz., 50%WWx N30, GWXN30. The fresh mass of 
the plants increased consistently with ageing. 
4.2.4 Dry mass plant' 
Wastewater irrigation led to greater dry matter accumulation when compared to 
ground water with maximum being recorded under 100%WW at all the three sampling 
stages showing an increase of 5.79, 1.79 and 2.05% over the control (GW) (Table 7b). 
Like fresh mass, it was also significantly affected by nitrogen treatments, with maximum 
being recorded by N30 with an increase of 26.14, 27.82 and 23.43% over NQ. The 
treatment N30 was followed by N15 and N45 at the last two growth stages while at first 
stage the N45 treated plants recorded lesser dry mass even when compared to control No 
there by proving the dose as toxic. At vegetative stage, the maximum dry mass 
accumulation was shown by the plants treated with GWXN30 followed by 100% 
WWxNi5. However at the later two stages, 100%WWxNi5 proved optimum and gave 
values which were at par with GWXN30, thus showing that the nutrients present in 
wastewater probably led to greater dry mass accumulation. On the other hand, the 
highest nitrogen dose in combination with wastewater (N45xl00% WW) proved toxic, 
thereby showing that the higher nitrogen dose with wastewater can adversely affect the 
dry matter accumulation. Like fresh mass, dry mass also accumulated up to last stage, 
therefore maximum was recorded at fruiting. 
4.2.5 Nodulation (Nodule number, nodule fresh mass and dry mass) 
It was also significantly affected as highest nodule formation was recorded under 
100% WW at all the three sampling stages however, at flowering the nodule number 
formed under GW was statistically equivalent to it. 100% WW recorded an increase of 
8.78, 4.76 and 57.95% more nodules than formed under GW (Table 8a). It may be noted 
that the nodules at the last sampling were significantly higher in WW than GW 
suggesting that the nodules under wastewater lasted for more time than the GW irrigated 
plants. Similarly, nodule fresh and dry mass was significantly higher in wastewater 
irrigated plants (Table 8b and 9a). The dry matter accumulation in 100% WW was 4.59, 
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Table 8. Effect of GW, 50%WW and 100%WW on (a) nodule number and (b) nodule fresh mass 
(mg plant"') of chickpea (Cicer areitinum L.) grown under different levels of nitrogen at 
vegetative, flowering and fruiting stages. 
Treatments 
AVater 
No 
N,5 
N30 
N45 
Mean 
No 
N,5 
N30 
N45 
Mean 
GW 
10.33 
16.33 
20.33 
17.67 
16.17 
GW 
7.33 
14.00 
11.67 
7.67 
10.17 
Vegetative stage 
50%WW 100%WW 
13.67 
17.33 
17.67 
19.33 
17.00 
14.67 
21.67 
18.67 
15.33 
17.59 
Fruiting stage 
50%WW 100%WW 
12.67 
17.67 
11.33 
11.00 
13.17 
19.67 
23.33 
12.00 
9.33 
16.08 
(a) Nodule number 
Mean 
12.89 
18.44 
18.89 
17.44 
Mean 
13.22 
18.33 
11.67 
9.33 
GW 
28.33 
44.33 
46.67 
34.33 
38.42 
Water 
Nitrogen 
Interaction 
Flowering stage 
50% WW 
32.33 
47.67 
37.67 
31.33 
37.25 
1 
Vegetative 
stage 
0.498 
0.431 
0.840 
100%WW 
36.00 
53.33 
39.33 
32.33 
40.25 
LSD at 5% 
Flowering 
stage 
2.668 
2.310 
4.502 
Mean 
32.22 
48.45 
41.22 
32.67 
Fruiting 
stage 
1.693 
1.466 
2.857 
Treatments 
AVater 
N; 
N,5 
N30 
N45 
(b) Nodule fresh mass 
Vegetative stage 
Mean 
GW 50%WW 100%WW Mean 
175.33 184.92 
198.60 222.03 
230.17 247.53 
251.10 211.90 
191.07 183.77 
254.73 225.12 
243.10 240.27 
205.17 222.72 
213.80 216.60 223.52 
Flowering stage 
GW 50%WW 100%WW Mean 
253.90 277.93 282.13 271.32 
293.27 313.10 330.63 312.33 
322.13 305.60 296.53 308.09 
301.23 298.47 291.60 297.10 
292.63 298.78 300.23 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
No 
N,5 
N30 
N45 
123.43 
162.57 
170.37 
182.53 
159.03 
138.80 
145.37 
159.83 
177.70 
173.53 
149.60 
134.53 
153.39 
158.30 
155.11 
158.97 
159.73 150.76 158.84 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Nitrogen 
Interaction 
7.487 
6.484 
12.637 
6.086 
5.270 
10.271 
4.009 
3.472 
6.766 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha"'. A uniform basal dose of phosphorus and 
potassium at the rate of 20 kg ha'' each was applied one day prior to sowing. 
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Table 9. Effect of GW, 50%WW and 100%WW on (a) nodule dry mass (mg planf') and (b) 
leghaemoglobin content [mmol (g FM)''] of chickpea (Cicer areitinum L.) grown under 
different levels of nitrogen at vegetative, flowering and fruiting stages. 
Mean 
Treatments 
AVater 
No 
N,5 
N30 
N45 
GW 
40.20 
51.83 
58.40 
45.28 
Vegetative stage 
50%WW 100%WW 
44.43 
57.23 
52.73 
45.18 
52.30 
59.53 
49.59 
43.31 
(a) Nodule dry mass 
Mean 
45.64 
56.20 
53.57 
44.59 
GW 
70.91 
90.75 
106.82 
92.31 
Flowering stage 
50% WW 
78.21 
107.25 
115.11 
84.02 
100%WW 
85.21 
112.38 
106.02 
85.22 
Mean 
78.11 
103.46 
109.32 
87.18 
48.93 49.89 51.18 90.20 96.15 97.21 
Fruiting stage LSD at 5% 
No 
N,5 
N30 
N45 
Mean 
GW 50% WW 100%WW Mean 
29.20 29.83 
30.52 31.05 
31.38 31.48 
30.45 30.11 
29.98 29.67 
31.62 31.07 
31.55 31.47 
29.92 30.16 
30.39 30.62 30.77 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Nitrogen 
Interaction 
1.976 
1.711 
3.335 
1.745 
1.511 
2.946 
0.177 
0.153 
0.299 
Treatments 
AVater 
No 
N,5 
N30 
N45 
Mean 
No 
N,5 
N30 
N45 
Mean 
GW 
26.93 
36.77 
48.40 
31.83 
35.98 
GW 
14.10 
19.10 
24.57 
25.10 
20.72 
(b) Leghaemoglobin content 
Vegetative stage 
50%WW 100%WW 
32.30 
49.73 
39.50 
29.27 
37.70 
35.80 
53.20 
45.60 
30.20 
41.20 
Fruiting stage 
50% WW 100%WW 
16.47 
20.60 
24.93 
22.47 
21.12 
17.23 
24.80 
24.27 
21.23 
21.88 
Mean 
31.68 
46.57 
44.50 
30.43 
Mean 
15.93 
21.50 
24.59 
22.93 
GW 
44.57 
58.10 
72.73 
59.03 
58.61 
Water 
Nitrogen 
Interaction 
Flowering stage 
50% WW 
50.07 
65.87 
69.30 
56.13 
60.34 
Vegetative 
stage 
2.731 
2.365 
4.610 
100%WW 
53.63 
73.30 
70.27 
55.90 
63.28 
LSD at 5% 
Flowering 
stage 
2.276 
1.971 
3.842 
Mean 
49.42 
65.76 
70.77 
57.02 
Fruiting 
stage 
0.734 
0.636 
1.240 
N.B.: Subscript values denote the amount of nitrogen (N) in leg ha . A uniform basal dose of phosphorus and 
potassium at the rate of 20 kg ha"' each was applied one day prior to sowing. 
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7.77 and 1.25% more than under GW at the three successive stages of sampUng 
respectively. 
Nitrogen also affected the nodule formation significantly with maximum 
recorded under N30 at the beginning (vegetative stage) while at last two stages maximum 
nodules were recorded under the treatment N15. However, maximum fresh and dry mass 
of nodules was recorded under N30 at the first two samplings while at fruiting N45 proved 
better for fresh mass. The treatment N30 gave an increase of 30.74, 13.55 and 1.12% in 
the nodule fresh mass over control. At flowering however, N15 and N30 were also at par. 
Similarly, maximum dry mass was also recorded under N30, except at flowering where it 
was at par with N15. The optimum treatment was followed by N15 which proved deficient 
here while the treatment N45 gave lower values at the first two sampling stages thus 
proving toxic. 
Among various interactions of nitrogen and water treatments, the combination of 
comparatively lower dose of nitrogen (100%WWxNi5) proved optimum in all these 
parameters of nodulation under study. Under this treatment nodule number recorded an 
increase of 109.78, 88.25 and 218.28% over the GWXNQ at the three successive stages of 
growth. This optimum combination was followed by GWXN30 at first two sampling 
stages. The nodule number increased between vegetative to flowering stage and then 
decreased towards the fruiting stage. Under the optimum combination of 100%WWxNi5, 
45.29, 30.22 and 40.59% more fresh mass of nodules was recorded over GWXNQ. At 
vegetative stage this was at par with GWXN45, 50%WWxN3o, 100%WWxN3o while at 
flowering the optimum combination was at par with GWxNso while at fruiting stage, 
GWXN45, 100%WWxNo also showed at par values. The later in turn was at par with 
100%WWxNi5. Similarly dry mass under the treatment 100%WWxNi5 recorded an 
increase of 48.08, 58.48 and 8.28% over the control and was at par with GWXN30 and 
50%WWxNi5 at vegetative stage while at flowering with 50%WWxN3oand finally at the 
last sampling it was at par with GWXN30, 50%WWxN3o and 100%WWxN3o and thus it 
can be concluded that this proved to be the optimum combination in increasing the 
number, fresh mass and dry mass of the nodules. The nodules formation and hence their 
number, fresh and dry mass increased up to flowering and then decreased towards the 
fruiting. 
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4.2.6 Leghemoglobin content 
The wastewater also proved effective in increasing the leghemoglobin content 
which acts as an oxygen buffer to provide anaerobic condition for the nitrogenase to fix 
atmospheric nitrogen (Table 9b). 100%WW recorded an increase of 14.51, 7.97 and 
5.61% over GW. Leghemoglobin content in the root nodules was also significantly 
affected by various nitrogen doses with maximum found under N30 during the last two 
sampling stages of growth under study while under N15 at the first sampling stage. N30 
recorded an increase of 40.47, 43.20 and 54.36% over the control. Among the 
interactions, 100%WW in combination with lower fertilizer dose N15 proved better and 
an increase of 97.55, 64.46 and 75.89% was noted under it when compared to control 
and showed at par value with GWXN30 and 100%xN3o at flowering stage and finally at 
the last stage, GWXN45, 50%WWxN3o, 100%WWxNi5, GWXN30 and 100%WWxN3o 
were also similar in their effect. Maximum leghemoglobin content was recorded at 
flowering and thereafter it decreased. 
4.2.7 Leaf area plant* 
The wastewater again proved superior over GW at the first two sampling stages 
of growth, however, towards the last stage a marginal decrease was observed under 
wastewater (Table 10a). 100%WW increased it by 15.06% and 1.61% over GW at the 
first two sampling stages. The nitrogen also significantly affected leaf development and 
thus the leaf area per plant with maximum being recorded under N30 at all the three 
sampling stages although at flowering N30 and N15 were similar in their effect. Under the 
former treatment, an increase of 37.93%, 24.24 and 22.69%) was noted compared to 
control. It was followed by N15 while the highest fertilizer dose (N45) could not increase 
the leaf area fiirther, instead affected it adversely. N15 in combination with 100%)WW 
also proved efficacious. This combination showed an increase of 72.73, 39.90 and 
31.52% more leaf area than GWXNQ. The combinations GWXN45, 50%WWxNi5, 
50%WWxN45, 100%)xN45 and GWxNjs were similar in their effect at vegetative stage 
while at flowering, 100% WWXN30, 50%WWxNi5and GWXN45 were at par. The leaf area 
also increased from vegetative to flowering and thereafter decreased towards the fruiting 
stage. 
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Table 10. Effect of GW, 50%WW and 100%WW on (a) leaf area (cm^ plant"') and (b) carbonic 
anhydrase activity [mol CO2 kg'' (leaf f.ni.)s''] of chickpea (Cicer areitinum L.) grown 
under different levels of nitrogen at vegetative, flowering and fruiting stages. 
Treatments 
AVater 
N30 
N45 
(a) Leaf area 
Vegetative stage 
Mean 
GW 50%WW 100%WW Mean 
242.76 275.26 
309.86 339.12 
361.82 392.14 
327.09 326.51 
305.94 274.65 
419.32 356.10 
382.54 378.83 
320.68 324.76 
310.38 333.26 357.12 
Flowering stage 
GW 50%WW 100%WW Mean 
533.75 563.26 594.75 563.92 
690.52 680.89 746.69 706.03 
710.31 707.03 684.48 700.61 
677.65 639.20 628.28 648.38 
653.06 647.59 663.55 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
No 
N,5 
N30 
N45 
299.33 
369.00 
394.67 
399.67 
322.33 
375.00 
387.33 
356.00 
320.00 
393.67 
373.33 
345.00 
313.89 
379.22 
385.11 
366.89 
365.67 360.17 358.00 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Nitrogen 
Interaction 
19.162 
16.595 
32.341 
14.659 
12.695 
24.741 
6.347 
5.496 
10.712 
Mean 2.58 
Treatments 
AVater 
No 
N,5 
N30 
N45 
GW 
2.04 
2.52 
2.85 
2.91 
(b) Carbonic anhydrase 
Vegetative stage 
50% WW 100%WW 
2.24 
2.60 
2.94 
2.55 
2.38 
2.98 
2.80 
2.41 
Mean GW 
2.22 3.40 
2.70 3.92 
2.86 4.28 
2.62 3.97 
activity 
Flowering stage 
50% WW 
3.61 
3.96 
4.22 
3.84 
100%WW 
3.73 
4.32 
4.12 
3.75 
Mean 
3.58 
4.07 
4.21 
3.85 
2.58 2.65 3.89 3.91 3.98 
Fruiting stage LSD at 5% 
Mean 
GW 50% WW 100%WW Mean 
No 
Nl5 
N30 
N45 
1.73 
2.04 
2.28 
2.38 
1.82 
2.10 
2.23 
2.19 
1.86 
2.43 
2.29 
2.13 
1.81 
2.19 
2.27 
2.23 
2.11 2.09 2.18 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Nitrogen 
InteracticHi 
0.061 
0.053 
0.103 
0.083 
0.071 
0.139 
0.058 
0.051 
0.099 
N.B.: Subscript values denote the amount of nitrogen (N) in kg.ha''. A uniform basal dose of phosphorus and 
potassium at the rate of 20 kg ha"' each was applied one day prior to sowing. 
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4.2.8 Carbonic anhydrase activity \ * ^v -'^ ;^ yr*' 
Waste water proved superior to GW in incfea^ni^.tSi^'enzyme activity in the 
leaves of the photosynthesizing tissues with an increase of 2.71, 2.31 and 3.32% over 
GW irrigated plants at all the three sampling stages respectively (Table 10b). However, 
at last sampling marginal decline under 50%WW treatment was noted. The activity of 
CA was also significantly affected by nitrogen treatments with maximum being recorded 
in N30 but with still higher treatment (N45) it decreased significantly. Thus the treatment 
N30 proved optimum recording an increase of 28.83, 17.59, and 25.41% over No- Among 
the interactions, maximum enzymatic activity was observed in 100%WWxNi5 giving an 
increase of 46.08,27.06 and 40.46% over GWXNQ. At vegetative stage, it was at par with 
50%WWxN3o and GWXN45 while at with GWxNso and 50%WWxN3o and at the last 
sampling the values were also at par with GWXN45, The carbonic anhydrase activity was 
also maximum at flowering while it declined towards the fruiting. 
4.2.9 NR activity 
Wastewater proved effective in increasing the NR activity with maximum 
recorded in 100%WW giving an increase of 8.57, 2.95 and 4.55% over GW (Table 1 la). 
However, at flowering a marginal decrease (0.86%) was observed in 50%WW compared 
to control. The activity of NR was also significantly increased by nitrogen doses up to 
N30 and there after it decreased. Thus N30 proved optimum giving an increase of 29.12, 
19.50, and 23.91% over NQ. This treatment was followed by N15 at first two samplings 
while by N45 at the final stage. The minimal NR activity was observed in control. Among 
the interactions, 100%WW together with lower fertilizer dose (N15) proved best 
recording an increase of 48.87 and 37.07 at first two stages, however, at the last stage 
under study, 50%)WWxN3o, 100%WWxN3o and GWXN30 were at par with each other 
and showed slightly more values than 100%)WWxNi5 which in turn was at par with 
50%WWxN45. The NR activity decreased with age thus maximum activity was recorded 
at vegetative and minimum at fruiting stage. 
4.2.10 Leaf N, P and K contents 
Wastewater proved efficacious in increasing the nitrogen content of the leaves 
probably due to the presence of both forms of nitrogen in wastewater besides a variety of 
other plant nutrients (Table 1 lb). 100% WW increased it by 6.19, 10.58, and 1.39% over 
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Table 11. Effect of GW, 50%WW and 100%WW on (a) nitrate reductase activity ([nmol NO2 
h'g"' FM] and (b) leaf nitrogen content (%) of chickpea {Cicer areitinum L.) grown 
under different levels of nitrogen at vegetative, flowering and fruiting stages. 
Treatments 
AVater 
N,5 
N30 
N45 
(a) Nitrate reductase activity 
Vegetative stage 
Mean 
GW 50% WW 100%WW Mean 
408.86 457.43 
507.39 554.53 
597.02 570.52 
542.84 510.69 
495.85 454.04 
608.68 556.86 
591.05 586.20 
536.82 530.12 
514.03 523.29 558.10 
Flowering stage 
GW 50%WW 100%WW Mean 
377.31 418.15 416.76 404.07 
439.83 446.97 517.17 467.99 
492.09 473.72 482.76 482.86 
448.80 404.01 393.19 415.33 
439.51 435.71 452.47 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
No 
N,5 
N30 
N45 
316.31 
348.47 
400.72 
376.46 
327.61 
362.12 
405.99 
397.42 
333.93 
393.58 
404.96 
375.05 
325.95 
368.06 
403.89 
382.98 
360.49 373.29 376.88 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Nitrogen 
Intaaction 
15.510 
13.432 
26.178 
13.062 
11.312 
22.046 
5.659 
4.901 
9.551 
Treatments 
AVater 
No 
N,5 
N30 
N45 
Mean 
No 
N,5 
N30 
N45 
Mean 
GW 
2.94 
3.52 
3.60 
3.49 
3.39 
GW 
1.29 
1.45 
1.61 
1.43 
1.44 
(b) Leaf nitrogen content 
Vegetative stage 
50%WW 100%WW 
3.25 
3.67 
3.48 
3.58 
3.50 
Fruiting 
3.41 
3.76 
3.71 
3.52 
3.60 
stage 
50%WW 100%WW 
1.30 
1.48 
1.60 
1.42 
1.45 
1.31 
1.62 
1.59 
1.33 
1.46 
Mean 
3.20 
3.65 
3.60 
3.53 
Mean 
1.30 
1.52 
1.60 
1.40 
GW 
2.33 
2.92 
2.95 
2.74 
2.74 
Water 
Nitrogen 
Interaction 
Flowering stage 
50% WW 
2.84 
3.05 
3.12 
3.08 
3.02 
, 
Vegetative 
stage 
0.064 
0.055 
0.108 
100%WW 
2.89 
3.19 
3.13 
2.90 
3.03 
LSD at 5% 
Flowering 
stage 
0.045 
0.039 
0.076 
Mean 
2.68 
3.05 
3.07 
2.91 
Fruiting 
stage 
0.010 
0.009 
0.017 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha . A uniform basal dose of phosphorus and 
potassium at the rate of 20 kg ha"' each was applied one day prior to sowing. 
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Table 12. Effect of GW, 50%WW and 100%WW on (a) leaf phosphorus (%) and (b) leaf 
potassium (%) of chickpea {Cicer areitinum L.) grown under different levels of 
nitrogen at vegetative, flowering and fruiting stages. 
Treatments 
AVater 
No 
N,5 
N30 
N45 
Mean 
No 
N,5 
N30 
N45 
Mean 
GW 
0.273 
0.335 
0.376 
0.366 
0.338 
GW 
0.119 
0.154 
0.180 
0.164 
0.154 
(a) 
Vegetative stage 
50%WW I00%WW 
0.303 
0.372 
0.370 
0.352 
0.349 
0.309 
0.387 
0.384 
0.333 
0.353 
Fruiting stage 
50%WW 100%WW 
0.133 
0.163 
0.167 
0.144 
0.152 
0.138 
0.184 
0.173 
0.153 
0.162 
Leaf phosphorus content 
Mean 
0.295 
0.365 
0.377 
0.350 
Mean 
0.130 
0.167 
0.173 
0.154 
GW 
0.197 
0.243 
0.277 
0.281 
0.250 
Water 
Nitrogen 
Interaction 
Flowering stage 
50% WW 
0.224 
0.277 
0.286 
0.263 
0.263 
] 
Vegetative 
stage 
0.008 
0.007 
0.014 
100%WW 
0.224 
0.296 
0.283 
0.243 
0.262 
LSD at 5% 
Flowering 
stage 
0.008 
0.006 
0.013 
Mean 
0.215 
0.272 
0.282 
0.262 
Fruiting 
stage 
0.006 
0.005 
0.010 
Mean 3.99 
Treatments 
/Water 
No 
N,5 
N30 
N45 
GW 
3.44 
3.99 
4.33 
4.22 
(b) Leaf potassium content 
Vegetative stage 
50%WW 100%WW 
3.73 
4.14 
4.17 
4.05 
3.84 
4.41 
4.24 
3.98 
Mean 
3.67 
4.18 
4.25 
4.08 
GW 
2.93 
3.42 
3.63 
3.54 
Flowering stage 
50% WW 
3.12 
3.48 
3.70 
3.42 
100%WW 
3.28 
3.78 
3.61 
3.30 
Mean 
3.11 
3.56 
3.65 
3.42 
4.02 4.12 3.38 3.43 3.49 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
No 
N,5 
N30 
N4S 
1.99 
2.43 
2.87 
2.84 
2.18 
2.59 
2.66 
2.84 
2.28 
3.01 
2.92 
2.54 
2.15 
2.68 
2.82 
2.74 
2.53 2.57 2.69 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Nitrogen 
Interacticwi 
0.075 
0.065 
0.126 
0.067 
0.058 
0.112 
0.066 
0.057 
0.112 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha"'. A uniform basal dose of phosphorus and 
potassium at the rate of 20 kg ha"' each was applied one day prior to sowing. 
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GW at three stages respectively. As expected, nitrogen content was also significantly 
affected by varying nitrogen doses with maximum recorded under N30 although at 
vegetative and flowering stage it was at par with N15. The treatment, N30 recorded an 
increase of 12.50, 14.55 and 23.07% over No. The combination 100%WWxNi5 again 
proved optimum giving an increase of 27.89, 37.00 and 25.58% over GWXNQ. 
P content was also enhanced under 100%WW as it recorded an increase of 4.44, 
4.80 and 5.20% over GW irrigated plants (Table 12a). At flowering, 100%WW and 
50%WW were equally effective. Phosphorus content also responded synergistically to 
the nitrogen treatments, maximum being noted under N30 followed by N15 and N45. The 
optimum dose (N30) recorded an increase of 27.80, 31.16, and 33.08% over the control at 
the three sampling stages respectively. 100%WWxNi5 proved superior compared to 
other interactions and recorded 41.76, 50.25 and 54.62% more P content than the control. 
Similarly K- content was also enhanced under wastewater with 100%WW 
recording an increase of 3.26, 3.25, and 6.32% over GW (Table 12b). Even 50%WW 
was better than GW. It was also increased with nitrogen doses up to N30 and thereafter it 
was decreased with higher nitrogen dose at all the sampling stages, thus proved 
deleterious. N30 showed an increase of 15.80, 17.36 and 31.16% over control. 
100%WWxNi5 was optimum and recorded an increase of 28.20, 29.01, and 51.27% over 
GWxNo. Among the various interractions, GWXN30 was at par with 100%WWxNi5 and 
at the same time it was also at par with 100%WWxN3o and GWXN45 at the vegetative 
stage. 50%WWxN3o, GWXN30 and 100%WWxN3o were equally effective at flowering. It 
is also important to mention here that the higher dose of nitrogen (N45) and wastewater 
could not increase the K content instead a decrease was observed. The NPK contents 
decreased with growth and among the three elements K was found maximum followed 
by N and then P. 
4.2.11 Chloroplyll content and photosynthetic characters 
The chlorophyll pigment necessary for carrying out the photosynthesis was also 
enhanced in plants receiving wastewater as a source of irrigation water (Table 13a). Out 
of the three water treatments, the maximum chlorophyll content was observed in plants 
receiving 100%WW and showed an increase of 7.73%, 2.09% and 9.95% over GW. It 
was also significantly affected under different nitrogen treatments with maximum 
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Table 13. Effect of GW, 50% WW and 100% WW on (a) chlorophyll content (mg kg' fresh mass) 
and (b) photosynthetic rate (nmol CO2 m'^  s'') of chickpea (Cicer areitinum L.) grown 
under different levels of nitrogen at vegetative, flowering and fruiting stages. 
Mean 
Treatments 
AVater 
No 
N,5 
N30 
N45 
GW 
1.366 
1.648 
1.907 
1.447 
(a) Chlorophyll content 
Vegetative stage 
50%WW 100%WW Mean 
1.553 
1.876 
1.792 
1.421 
1.668 
1.932 
1.818 
1.442 
1.529 
1.819 
1.839 
1.437 
GW 
1.542 
1.848 
1.970 
1.732 
Flowering stage 
50% WW 
1.605 
1.912 
1.954 
1.717 
100%WW 
1.623 
2.020 
1.968 
1.629 
Mean 
1.590 
1.927 
1.964 
1.693 
1.592 1.661 1.715 1.773 1.797 1.810 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
No 
N,5 
N30 
N45 
1.067 
1.366 
1.462 
1.213 
1.128 
1.528 
1.281 
1.193 
1.439 
1.636 
1.301 
1.241 
1.211 
1.510 
1.348 
1.216 
1.277 1.283 .404 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Nitrogen 
Interaction 
0.031 
0.027 
0.053 
0.019 
0.016 
0.032 
0.039 
0.034 
0.065 
Treatments 
/Water 
No 
N,5 
N30 
N45 
Mean 
No 
N,5 
N30 
N45 
Mean 
GW 
10.51 
13.45 
15.69 
13.46 
13.28 
GW 
5.10 
7.27 
8.23 
5.22 
6.46 
( 
Vegetative stage 
50%WW 100%WW 
11.72 
13.65 
15.06 
14.48 
13.72 
10.47 
15.04 
15.25 
13.27 
13.51 
Fruiting stage 
50%WW 100%WW 
5.69 
7.77 
8.03 
6.42 
6.98 
6.18 
8.27 
8.14 
7.45 
7.51 
;b) Photosynthetic rate 
Mean 
10.90 
14.04 
15.33 
13.74 
Mean 
5.66 
7.73 
8.13 
6.36 
GW 
9.81 
11.74 
13.92 
11.29 
11.69 
Water 
Nitrogen 
Interaction 
Flowering stage 
50% WW 
9.78 
13.56 
12.73 
10.26 
11.58 
100%WW 
10.76 
14.02 
12.45 
10.15 
11.84 
LSD at 5% 
Vegetative Flowering 
stage stage 
0.401 0.211 
0.348 0.182 
0.677 0.356 
Mean 
10.11 
13.11 
13.03 
10.57 
Fruiting 
stage 
0.316 
0.274 
0.533 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha". A uniform basal dose of phosphorus and 
potassium at the rate of 20 kg ha"' each was applied one day prior to sowing. 
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Table 15. Effect of GW, 50% WW and 100% WW on (a) transpiration rate (mmol m"^  s ') and (b) 
Internal CO2 (ppm) of chickpea {Cicer areitinum L.) grown under different levels of 
nitrogen at vegetative, flowering and fruiting stages. 
Treatments 
AVater 
No 
N,5 
N30 
N45 
Mean 
No 
N,5 
N30 
N45 
Mean 
GW 
0.970 
1.124 
1.454 
1.560 
1.277 
GW 
1.220 
1.947 
2.197 
2.087 
1.863 
Vegetative stage 
50% WW 100%WW 
1.077 
1.364 
1.517 
1.480 
1.360 
1.197 
1.594 
1.497 
1.420 
1.427 
Fruiting stage 
50%WW 100%WW 
1.474 
1.857 
2.114 
1.947 
1.848 
1.647 
2.184 
2.074 
1.867 
1.943 
(a) Transpiration rate 
Mean 
1.081 
1.361 
1.489 
1.487 
Mean 
1.447 
1.996 
2.128 
1.967 
GW 
2.107 
2.524 
2.924 
2.984 
2.635 
Water 
Nitrogen 
Interacticsi 
Flowering stage 
50% WW 
2.250 
2.664 
2.980 
2.777 
2.668 
100%WW 
2.334 
2.940 
2.964 
2.880 
2.780 
LSD at 5% 
Vegetative Flowering 
stage stage 
0.059 
0.051 
0.100 
0.062 
0.054 
0.104 
Mean 
2.230 
2.709 
2.956 
2.880 
Fruiting 
stage 
0.068 
0.059 
0.115 
Treatments 
AVater 
N^ 
N,5 
N30 
N45 
(b) Internal CO2 
Vegetative stage 
Mean 
GW 50%WW 100%WW Mean 
152.67 162.33 
174.67 181.67 
192.67 207.33 
199.67 191.67 
154.00 156.33 
210.67 189.00 
203.33 201.11 
187.67 193.00 
179.92 185.75 188.92 
Flowering stage 
GW 50%WW 100%WW Mean 
231.67 248.33 256.00 245.33 
274.33 278.67 304.00 285.67 
306.67 304.00 294.00 301.56 
303.33 292.33 288.67 294.78 
279.00 280.83 285.67 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
No 
N,5 
N30 
N45 
84.33 
92.00 
121.67 
107.33 
74.00 
112.33 
115.33 
109.67 
96.33 
120.00 
112.00 
99.33 
84.89 
108.11 
116.33 
105.45 
101.33 102.83 106.92 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Nitrogen 
IntoBction 
6.610 
5.724 
11.156 
5.216 
4.517 
8.803 
4.423 
3.831 
7.465 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha''. A uniform basal dose of phosphorus and 
potassium at the rate of 20 kg ha'" each was applied one day prior to sowing. 
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recorded under the treatment N30 followed by N15 and N45. Among the various 
interactions, 100%WWxN,5 being at par with GWXN30 at the fist two sampling stages 
proved optimum combination. Marginal increase in chlorophyll was observed from 
vegetative to flowering but declined sharply at fruiting. 
Photosynthetic rate, stomatal conductance, water use efficiency, transpiration 
rate, and internal CO2 were positively affected under wastewater irrigation and the 
photosynthetic rate recorded an increase of 1.73, 1.28 and 16.25% over GW at three 
samplings (Table 13b, 14 and 15). 100% WW was at par with 50%WW at the first and 
last sampling while at flowering it was at par with GW. 
Nitrogen doses also influenced these parameters with maximum recorded for N30 
and thereafter it declined under the influence of higher nitrogen dose. N30 being optimum 
recorded an increase of 40.64, 28.88 and 43.64% in the photosynthetic rate over control, 
however at flowering it was at par with N15. This treatment was followed by N15 and N45 
and lowest photosynthesis was recorded in No.The other photosynthetic characters also 
followed more or less similar pattern. In general, for the photosynthetic parameters 
studied, the combination 100%WWxNi5 proved optimum recording an increase of 43.10 
& 44.74% in the photosynthetic rate, stomatal conductance at the first sampling and the 
photosynthetic rate recorded an increase of 43.10, 42.92 and 62.16% over GWXNQ and in 
general it was at par with higher nitrogen dose in combination with either 50%WW or 
GW, while rest of the parameters also responded more or less similarly. The optimum 
combination was at par with higher nitrogen dose and GW or 50%WW. Thus indicating 
the possible the role of nutrients present in wastewater affecting these photosynthetic 
parameters and there by affecting growth and yield of the crop. The photosynthetic 
activity was found to be maximum at flowering and at fruiting it decreased. 
4.2.12 Seed yield and protein content 
The yield and quality attributes studied at harvest included seeds pod'', pods 
plant'', 100 seed weight, seed yield and its protein content (Table 16). No significant 
difference in the number of seeds pod"' was observed, however other parameters were 
significantly affected under different water treatments. The number of pods formed under 
100%WW and GW were statistically similar while the 100 seed weight was more in 
wastewater irrigated plants with maximum recorded under 100%WW with an increase of 
84 
Chapter IV 
Table 16. Effect of GW, 50%WW and 100%WW on (a) seeds per pod, (b) pods per plant, (c) 
100 seed weight (g), (d) seed yield (g plant'') and (e) protein content (%) of chickpea 
(Cicer areitinum L.) grown under different levels of nitrogen at harvest. 
Mean 1.75 
Treatments 
AVater 
No 
N,5 
N30 
N45 
GW 
1.33 
2.00 
2.00 
1.67 
(a) Seeds per pod 
50%WW 100%WW 
2.00 
1.67 
1.67 
2.00 
1.67 
2.00 
1.67 
1.33 
Mean 
1.67 
1.89 
1.89 
1.67 
GW 
14.33 
26.67 
27.33 
27.67 
(b) Pods 
50%WW 
23.33 
17.33 
22.33 
25.67 
per plant 
100%WW 
28.33 
25.33 
20.33 
21.00 
Mean 
22.00 
23.11 
23.33 
24.78 
1.83 1.67 24.00 22.17 23.75 
(c) 100 seed weight LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
No 
N,5 
N30 
N45 
19.48 
22.38 
23.12 
20.46 
19.79 
25.45 
22.89 
20.00 
21.07 
26.22 
23.12 
21.20 
20.12 
24.68 
23.04 
20.55 
21.36 22.03 22.90 
Seeds per Pods per 100 seed 
pod plant weight 
Water 
Nitrogen 
Interaction 
NS 
NS 
NS 
1.411 
1.222 
2.381 
0.317 
0.275 
0.535 
Treatments 
/Water 
No 
N,5 
N30 
N45 
Mean 
GW 
3.12 
4.57 
5.68 
4.20 
4.39 
(d) Seed yield 
50%WW 100%WW 
3.98 
5.09 
5.55 
3.96 
4.64 
4.36 
5.72 
5.11 
3.91 
4.78 
Mean 
3.82 
5.13 
5.45 
4.02 
GW 
19.41 
21.52 
22.99 
21.65 
21.39 
(e) Protein content 
50% WW 
20.19 
21.69 
22.48 
21.20 
21.39 
100%WW 
21.52 
23.06 
22.44 
21.10 
22.03 
Mean 
20.37 
22.09 
22.64 
21.31 
LSD at 5% 
Seed yield Protein content 
Water 
Nitrogen 
Interaction 
0.247 
0.214 
0.417 
0.483 
0.418 
0.815 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha' . A uniform basal dose of phosphorus and 
potassium at the rate of 20 kg ha"' each was applied one day prior to sowing. 
NS- Non significant 
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7.22% over GW and hence led to the increased seed yield where it recorded an increase 
of 8.65%. The seed protein content was also recorded higher in the seeds obtained from 
wastewater irrigated plants and an increase of 2.97% was recorded under 100%WW. 
Among the various nitrogen treatments, surprisingly N45 proved to be the best for 
the number of pods plant"' and it was followed by N30 and N15, however, 100 seed 
weight was maximally enhanced under the N15 with an increase of 22.72% over control 
while the seed yield was maximum under the treatment N30 with an increase of 42.57% 
which also recorded the maximum seed protein content nearly 11.12% higher than the 
control No. 
Various interactions of water and nitrogen treatments also yielded significant 
results with 100%WWxNi5 proving optimum combination for nearly all the parameters 
except for number of pods plant"' where maximum pods were recorded under the 
treatment 100%>WWxNo which showed at par value with GWXN45, GWXN30 and was 
followed by 100%WWxNi5. The percent increase in the number of pods per plant, 100 
seed weight, seed yield and seed protein content under 100%WWxNi5 was recorded as 
76.74, 34.57, 83.10 and 18.81% respectively. Thus it may be concluded from the result 
of this experiment that 100%WW together with lower N dose (N15) proved beneficial 
and in general the 100%WW in combination with higher nitrogen dose of N45 
considerably decreased nearly all the parameters observed and led to considerable 
decrease in the yield and the protein content compared to the optimum combination 
although still it was higher than the control. 
4.3 Experiment II. 
The design of this experiment was also complete randomized block design and 
the water treatments in this experiment were also the same as in experiment I but in this 
experiment four different levels of phosphorus (Po, P20, P40, Peo) along with uniform 
basal dose of nitrogen at the rate of 15 kg ha"' obtained from the experiment 1 and 
potassium at the rate of 20 kg ha"' were applied on the same crop viz., chickpea (Table 
1). Only the significant data has been briefly described below. 
4.3.1 Shoot length 
Wastewater in general proved beneficial in enhancing the shoot length with 
plants irrigated with 100%WW recording maximum shoot length showing an increase of 
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Table 17. Effect of GW, 50%WW and 100%WW on (a) shoot and (b) root length (cm) of 
chickpea (Cicer areitinum L.) grown under different levels of phosphorus at 
vegetative, flowering and fruiting stages. 
Treatments -
/Water 
Po 
P20 
P40 
PbO 
Mean 
Po 
P20 
P40 
P60 
Mean 
GW 
21.33 
23.83 
26.20 
27.50 
24.72 
GW 
48.17 
51.47 
55.03 
56.33 
52.75 
Vegetative stage 
50%WW 100%WW 
22.17 
25.43 
26.50 
27.80 
25.48 
22.93 
26.43 
28.43 
27.43 
26.31 
Fruiting stage 
50%WW 100%WW 
49.63 
51.97 
54.43 
55.10 
52.78 
49.80 
55.67 
57.77 
56.53 
54.94 
(a) Shoot length 
Mean 
22.15 
25.23 
27.04 
27.58 
Mean 
49.20 
53.03 
55.75 
55.99 
GW 
37.97 
41.80 
48.60 
48.30 
44.17 
Water 
Phosphorus 
Interaction 
Flowering stage 
50% WW 
40.30 
46.53 
48.23 
48.17 
45.81 
100%WW 
42.97 
47.83 
49.70 
49.37 
47.47 
LSD at 5% 
Vegetative 
stage 
0.991 
0.858 
NS 
Flowering 
stage 
1.022 
0.885 
1.724 
Mean 
40.41 
45.39 
48.84 
48.61 
Fruiting 
stage 
NS 
2.117 
NS 
Mean 
/Water 
Po 
P20 
P40 
Peo 
GW 
9.22 
10.21 
11.24 
11.32 
Vegetative stage 
50%WW 100%WW 
9.47 
10.47 
11.22 
11.02 
9.63 
10.84 
11.37 
11.12 
(b) Root length 
Mean 
9.44 
10.51 
11.28 
11.15 
GW 
12.23 
12.87 
14.20 
13.96 
Flowering stage 
50% WW 
12.43 
13.20 
13.40 
13.23 
100% WW 
12.80 
13.33 
14.23 
13.27 
Mean 
12.48 
13.13 
13.94 
13.48 
10.50 10.55 10.74 13.31 13.07 13.40 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Po 
P20 
P40 
P60 
12.40 
13.47 
14.13 
14.23 
11.97 
12.97 
13.03 
14.21 
12.30 
13.87 
14.57 
13.27 
12.22 
13.43 
13.91 
13.90 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Phosphorus 
Interaction 
0.187 
0.162 
0.316 
0.77 
NS 
NS 
0.474 
0.410 
0.800 
13.56 13.05 13.50 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha". A uniform basal dose of nitrogen and 
potassium at the rate of 15 and 20 kg ha"' respectively was applied one day prior to sowing. 
NS- Non significant 
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6.43, 7.47% at vegetative and flowering stages respectively over GW, however, no 
significant differences were observed at the final stage (Table 17a). The height of the 
plants increased with increasing phosphorus doses up to P40 and thereafter it stabilized 
and no further increase was observed under Peo as it was at par with P40 and thus proved 
optimum and recorded an increase of 22.08, 20.86 and 13.31% over Po at the three 
sampling stages respectively. Interactions were significant only at the second sampling 
stage where 100%WWxP4o with an increase of 30.89% over control proved best 
combination and showed at par relation with GWXP40 and 50%WWxP4o. The treatments, 
100%WWxP20, 50%WWxP40 and 50%WWxP20 were also similar in their effect. In 
general, the plant height increased up to the last sampling stage. 
4.3.2 Root length 
The effect of water treatments was different at three different stages of growth 
with maximum recorded under 100%WW at the first sampling while at later stages of 
growth the values recorded under 100%WW were at par with GW (Table 17b). However 
significant increase in the root length was observed under different phosphorus 
treatments with P40 proving optimum and produced values which were at par with Peo 
which was at luxury consumption while the treatment P20 was deficient at all the three 
stages of growth. P40 recorded an increase of 19.49, 2.24 and 13.83% over PQ. Among 
various interactions, the treatment 100%WWxP4o was the optimum combination at 
vegetative stage being at par with GWxP^o, GWXP40 and 50%WWxP4o while at fruiting 
the lower dose of phosphorus in combination with 100%WW was better and gave values 
which were at par with higher doses of phosphorus together with three water treatments 
viz., 100%WWxP4o, GWxPgo, 50%WWxP6o, GWXP40. 
4.3.3 Fresh mass plant' 
Wastewater also proved efficacious when compared to ground water and plants 
under wastewater irrigation resulted in more plant fresh mass (Table 18a). 100%WW 
gave values which were statistically similar with 50%WW and increased it by 4.44%o, 
3.36% and 1.87% over GW at the vegetative, flowering and fruiting stages. Plants 
response to phosphorus application in terms of fresh weight was also significant with P40 
being at par with ?(,o proved best and recorded an increase of 26.15, 25.77, and 10.01%. 
Among the various combinations of wastewater and fertilizer, 100%WWxP4o proved 
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Table 18. Effect of GW, 50%WW and 100%WW on plant (a) fresh and (b) dry mass (g) of 
chickpea (Cicer areitinum L.) grown under different levels of phosphorus at 
vegetative, flowering and fruiting stages. 
Treatments 
AVater 
P20 
P40 
Peo 
Mean 
7.22 
9.07 
9.70 
10.02 
(a) Plant fresh mass 
Vegetative stage 
GW 50%WW 100%WW Mean 
8.06 
9.33 
9.83 
9.81 
8.23 
9.50 
10.13 
9.75 
9.00 9.26 9.40 
7.84 
9.30 
9.89 
9.86 
13.38 
Flowering stage 
GW 50%WW 100%WW Mean 
11.19 11.70 12.26 11.72 
12.91 13.12 13.36 13.13 
14.34 14.79 15.10 14.74 
15.06 14.94 14.61 14.87 
13.64 13.83 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Po 
P20 
P40 
P60 
13.35 
14.23 
14.98 
15.11 
13.75 
14.57 
15.04 
15.07 
13.94 
14.79 
15.12 
14.91 
13.68 
14.53 
15.05 
15.03 
14.42 14.61 14.69 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Phosphorus 
Interaction 
0.157 
0.136 
0.266 
0.251 
0.217 
0.423 
0.123 
0.107 
0.208 
Mean 1.81 
AVater 
Po 
P20 
P40 
P60 
GW 
1.27 
1.75 
1.95 
2.25 
Vegetative stage 
50%WW 100%WW 
1.45 
1.87 
2.15 
2.23 
1.68 
1.98 
2.37 
2.17 
(b) Plant dry mass 
Mean 
1.47 
1.87 
2.16 
2.22 
GW 
2.52 
2.91 
3.12 
3.49 
Flowering stage 
50% WW 
2.73 
3.02 
3.28 
3.44 
100% WW 
2.85 
3.26 
3.54 
3.39 
Mean 
2.70 
3.07 
3.31 
3.44 
1.93 2.05 3.01 3.12 3.26 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Po 
P20 
P40 
Peo 
3.32 
3.72 
4.12 
4.36 
3.52 
3.97 
4.15 
4.42 
3.76 
4.19 
4.49 
4.35 
3.53 
3.96 
4.25 
4.38 
3.88 4.02 4.20 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Phosphorus 
Interaction 
0.117 
0.102 
0.198 
0.111 
0.096 
0.187 
0.118 
0.103 
0.200 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha"'. A uniform basal dose of nitrogen and 
potassium at the rate of 15 and 20 kg ha"' respectively was applied one day prior to sowing. 
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optimum at three sampling stages recording an increase of 40.30, 34.94 and 13.26% over 
control. However, at the first sampling 100%WWxP4o and GWxPgo gave similar results 
and at second sampling the optimum combination was similar with GWxPeo, 
50%WWxP6o, and 50%WWxP4o. At the final sampling stage besides the above 
mentioned combinations the optimum combination was also at par with GWXP40. The 
shoot fresh mass also increased throughout the growth period observed in the present 
study. 
4.3.4 Dry mass plant' 
Wastewater also proved effective as the plants receiving it as a source of 
irrigation water recorded more dry mass and 100%WW showed an increase of 13.26, 
8.31 and 8.25% over the ground water irrigated plants (GW), (Table 18b). Even 50% 
wastewater was better compared to ground water. The dry mass accumulation was 
significantly affected under phosphorus treatments with P40 proving to be optimum 
giving values which were at par with Peo while P20 was deficient at the first sampling 
stage recording an increase of 46.94% over the control, however, at the later two stages 
Pfio proved better and an increase of 27.41 and 24.08% in the dry matter was recorded 
under it over the control PQ. The combination 100%WWxP4o proved best and recorded 
an increase of 86.61, 40.48 and 35.24% over GWXPQ. This combination was at par with 
GWxPgo and 50%WWxP6o at all the stages of growth under study. This increase in the 
dry matter under 100%WW together with lower phosphorus dose could be due to the 
presence of various nutrients in wastewater. Like fresh mass, dry matter also enhanced 
throughout the growth period. 
4.3.5 Nodulation (nodule number, nodule fresh mass and dry mass plant'). 
No significant differences were observed in terms of nodule number under 
different water treatments however significant difference in the formation of nodules was 
observed under different phosphorus rates with maximum recorded under P40 which was 
at par with Peo at the first two sampling stages showing luxury consumption of 
phosphorus (Tablel9a). P40 recorded an increase of 105.49%, 79.50 and 104.06% over 
control. Fresh mass was significantly affected under water with maximum values 
recorded in 100%WW which was at par with 50%WW at all the three sampling stages 
(Table, 19b). An increase of 5.62, 1.81 and 5.62% over GW was observed in nodule 
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Table 19. Effect of GW, 50%WW and 100%WW on (a) nodule number and (b) nodule fresh 
mass (mg plant"') of chickpea (Cicer areitinum L.) grown under different levels of 
phosphorus at vegetative, flowering and fruiting stages. 
Mean 
Treatments ~ 
Po 
P20 
P40 
P60 
GW 
12.67 
19.67 
25.67 
31.67 
Vegetative stage 
50%WW 100%WW 
14.33 
21.67 
29.67 
24.33 
15.67 
26.67 
32.33 
26.33 
(a) Nodule number 
Mean 
14.22 
22.67 
29.22 
27.45 
GW 
21.67 
29.67 
38.33 
41.33 
Flowering stage 
50% WW 
24.33 
31.67 
41.67 
37.00 
100%WW 
22.33 
33.67 
42.67 
35.67 
Mean 
22.78 
31.67 
40.89 
38.00 
22.42 22.50 25.25 32.75 33.67 33.58 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Po 
P20 
P40 
P60 
10.67 
20.33 
27.33 
24.67 
14.67 
22.67 
28.33 
22.67 
15.33 
25.67 
27.33 
22.00 
13.56 
22.89 
27.67 
23.11 
20.75 22.08 22.58 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Phosphorus 
Interaction 
NS 
3.093 
NS 
NS 
3.329 
NS 
NS 
2.324 
NS 
Mean 
Treatments 
AVater 
Po 
P20 
P40 
P50 
GW 
182.20 
220.50 
258.47 
275.87 
Vegetative stage 
50%WW 100%WW 
191.50 
243.07 
270.10 
271.63 
205.63 
245.93 
283.23 
254.90 
(b) Nodule fresh mass 
Mean 
193.11 
236.50 
270.60 
267.47 
GW 
342.77 
372.93 
389.17 
412.03 
Flowering stage 
50% WW 
362.30 
382.50 
400.37 
399.13 
100%WW 
359.63 
377.97 
414.47 
387.90 
Mean 
354.90 
377.80 
401.33 
399.69 
234.26 244.08 247.43 379.23 386.08 384.99 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Po 
P20 
P40 
PGO 
81.93 
116.53 
141.30 
149.43 
97.63 
123.23 
146.40 
140.80 
102.63 
132.83 
148.10 
133.13 
94.07 
124.20 
145.27 
141.12 
Vegetative Fbwering Fruiting 
stage stage stage 
Water 
Phosphorus 
Interaction 
5.195 
4.499 
8.768 
5.811 
NS 
9.809 
4.039 
3.498 
6.818 
122.30 127.02 129.17 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha''. A uniform basal dose of nitrogen and 
potassium at the rate of 15 and 20 leg ha'' respectively was applied one day prior to sowing. 
NS- Non significant 
J^ 
•^h^ 
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Table 20. Effect of GW, 50%WW and 100%WW on (a) nodule dry mass (mg plant'') and (b) 
leghaemoglobin content [mmoi (g FM)"'] of chickpea (Cicer areitinum L.) grown 
under different levels of phosphorus at vegetative, flowering and fruiting stages. 
Mean 
ircauncnis -
Po 
P20 
P40 
Peo 
GW 
31.46 
42.41 
58.53 
59.36 
Vegetative stage 
50%WW 100%WW 
35.04 
48.38 
62.51 
56.22 
39.47 
52.35 
59.78 
54.98 
(a) Nodule 
Mean 
35.32 
47.71 
60.28 
56.86 
dry mass 
GW 
50.05 
67.91 
75.08 
80.67 
Flowering stage 
50% WW 
56.31 
61.89 
82.10 
76.23 
100%WW 
59.87 
72.43 
81.64 
70.78 
Mean 
55.41 
67.41 
79.60 
75.89 
47.94 50.54 51.65 68.43 69.13 71.18 
Fruiting stage LSD at 5% 
Po 
P20 
P40 
Peo 
Mean 
GW 50%WW 100%WW Mean 
18.58 
25.44 
31.54 
32.58 
20.93 
26.18 
32.19 
32.02 
21.93 
28.42 
33.57 
28.69 
27.03 27.83 28.15 
20.48 
26.68 
32.43 
31.09 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Phosphorus 
Interaction 
1.564 
1.355 
2.640 
2.175 
1.884 
3.672 
NS 
0.982 
1.914 
Mean 
Treatments -
AVflter 
Po 
P20 
P40 
Pec 
GW 
29.19 
37.23 
45.60 
55.87 
(b) Leghaemoglobin content 
Vegetative stage 
50%WW 100%WW 
32.66 
41.59 
54.43 
51.07 
31.23 
43.14 
57.74 
47.09 
Mean 
31.03 
40.65 
52.59 
51.34 
GW 
43.39 
59.55 
75.84 
79.51 
Flowering stage 
50%WW 
47.76 
63.30 
78.32 
74.96 
100%WW 
48.80 
67.12 
81.05 
76.01 
Mean 
46.65 
63.33 
78.40 
76.83 
41.97 44.94 44.80 64.57 66.09 68.24 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Po 
P20 
P40 
PbO 
18.42 
22.75 
25.57 
28.68 
19.49 
25.64 
26.58 
27.30 
20.64 
25.31 
27.79 
26.26 
19.52 
24.57 
26.65 
27.41 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Phosphorus 
Interaction 
2.004 
1.736 
3.383 
2.031 
1.759 
3.428 
0.871 
0.755 
1.471 
23.86 24.75 25.00 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha . A uniform basal dose of nitrogen and 
potassium at the rate of 15 and 20 leg ha"' respectively was applied one day prior to sowing. 
NS- Non significant 
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production in plants irrigated with 100%WW. This parameter was also significantly 
affected by phosphorus where maximum was recorded under P40 while Peo was at par 
with it at the first two sampling stages. It recorded an increase of 40.13, 13.08 and 
54.43% over Po while the treatment Peo was at luxury consumption and P20 was deficient. 
Among the interactions, 100%WWxP4o was the optimum combination and an increase of 
55.45, 20.92 and 80.76% was observed under this combination over GWxPo at all the 
sampling stages respectively. Like fresh mass, dry mass also increased significantly 
under wastewater irrigation with maximum being recorded under 100%WW (Table 20a). 
An increase of 7.74 and 4.02% over GW was observed at the first two sampling stages 
while at the final stage the data was non significant. Even 50%WW was better than GW. 
P40 with an increase 70.67, 43.66 and 58.35% at the three growth stages over the control 
proved best for dry mass. 100%WWxP4o with an increase of 63.12 and 80.68% over 
control was the most effective combination at the last two stages. However at the initial 
stage 50%WWxP4o was better followed by 100%WWxP4o which was also at par with 
GWxPgQ. At flowering and fruiting, the combinations 100%WWxP4o, 50%WWxP4o and 
GWxPfio were similar in their effect. The number of nodules and their fresh and dry mass 
increased from vegetative to flowering there after declined towards the fruiting satge. 
Thus maximum values were recorded at flowering stage. 
4.3.6 Leghaemoglobin content 
It was also enhanced under wastewater with both 100%WW and 50%WW being 
at par and better compared to GW (Table 20b). 100%WW gave an increase of 6.74, 5.68 
and 4.78% over GW. Phosphorus at the rate of P40 proved optimum and gave values 
which were at par with Peo at the first two samplings recording no further increase while 
P20 was deficient. P40 recorded an increase of 69.48 and 68.06 at first two samplings, 
however at the last sampling, Peo proved better and was followed by P40. Among the 
interactions, 100%WWxP4o being at par with GWxP^o and 50%WWxP4o was the best 
combination at ail the three sampling stages and showed an increase of 97.81, 86.79 and 
50.87%. The leghaemoglobin content increased from vegetative to flowering stage and 
then decreased considerably between flowering to fruiting. 
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4.3.7 Leaf area plant* 
Wastewater significantly affected it and hence resulted in increasing the leaf area 
with 100%WW recording an increase of 4.64, 3.14 and 5.63% over ground water 
irrigated plants (Table 21a). Both 100%WW and 50%WW were better compared to 
ground water. The treatment P40 with an increase of 28.27, 21.01 and 18.67% at the three 
stages over control proved best followed by Peo and P20. The treatment Peo at the final 
growth stage was at par with P40. Among the interactions, 100%WWxP4o proved the best 
combination with plants under this combination recording an increase of 42.05 and 
27.87% over GWXPQ at the first two sampling stages while at the third stage the 
interaction was non significant. At vegetative stage, 100%WWxP4o was at par with 
50%WWxP6o which in turn was at par with GWxPgo while at flowering the optimum 
combination was also at par with GWxPgo, GWXP40, 50%WWxP4o and even 
100%WWxP2o at this stage could be regarded as the optimum combination. The leaf area 
also increased from first to second sampling and thereafter declined. 
4.3.8 Carbonic anhydrase 
Wastewater also proved efficacious in enhancing the enzymatic activity with 
maximum recorded in plants grown under 100%WW which recorded an increase of 6.25, 
3.17 and 5.45% over the GW (Table 21b). The enzymatic activity was also significantly 
enhanced under phosphorus application and P40 proved optimum being at par with ?(,o-
The former treatment recorded an increase of 26.47, 12.44 and 43.20% over control. 
Among interactions, 100%WWxP4o proved good combination recording an increase of 
42.27, 20.99 at the first two samplings while at the last sampling the interaction was non 
significant. At the first stage 100%WWxP4o gave the values which were at par with 
GWxPso, 50%WWxP6o, 50%WWxP4o and 100%WWxP6o while at the second sampling 
the optimum combination was at par with 100%WWxP6o only which in turn was at par 
with GWxPgQ. The activity of this enzyme first increased from vegetative to flowering 
and then decreased towards the fruiting. 
4.3.9 NR activity. 
Water treatments significantly affected the NR activity in the leaves with 
maximum recorded in plants under 100%WW irrigation recording an increase of 3.12 
and 5.30% over GW irrigated plants at the first and last sampling stage (Table 22a). An 
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Table 21. Effect of GW, 50% WW and 100% WW on (a) leaf are (cm^ planf') and (b) carbonic 
anhydrase activity [mol CO2 kg"' (leaf f.m.)s''] of chickpea (Cicer areitinum L.) grown 
under different levels of phosphorus at vegetative, flowering and fruiting stages. 
Mean 
Treatments 
AVater 
Po 
P20 
P40 
Peo 
GW 
301.07 
357.37 
403.67 
413.63 
Vegetative stage 
50%WW 
331.23 
383.80 
412.63 
422.77 
100%WW 
337.50 
392.43 
427.67 
386.60 
(a) Leaf area 
Mean 
323.27 
377.87 
414.66 
407.67 
GW 
501.50 
578.37 
629.20 
633.77 
Flowering stage 
50% WW 
524.30 
596.90 
628.57 
609.63 
100%WW 
543.57 
617.93 
641.27 
613.73 
Mean 
523.12 
597.73 
633.01 
619.05 
379.94 387.61 386.05 585.71 589.85 604.13 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Po 
P20 
P40 
Peo 
395.77 
430.03 
462.70 
483.73 
410.50 
433.37 
491.63 
488.03 
419.57 
443.93 
500.40 
508.13 
408.61 
435.78 
484.91 
493.30 
443.06 455.88 468.01 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Phosphorus 
Interaction 
5.58 
4.83 
9.41 
14.09 
12.20 
23.78 
10.54 
9.13 
NS 
Mean 2.72 
/Water 
Po 
P20 
P40 
Peo 
GW 
2.20 
2.65 
2.93 
3.08 
(b) Carbonic anhydrase 
Vegetative stage 
50% WW 100% WW 
2.39 
2.78 
2.97 
3.02 
2.55 
2.91 
3.13 
2.97 
Mean 
2.38 
2.78 
3.01 
3.02 
GW 
4.24 
4.74 
4.94 
4.99 
activity 
Flowering stage 
50% WW 
4.43 
4.81 
4.84 
4.98 
100%WW 
4.60 
4.76 
5.13 
5.04 
Mean 
4.42 
4.77 
4.97 
5.00 
2.79 2.89 4.73 4.77 4.88 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Po 
P20 
P40 
P60 
1.94 
2.50 
2.88 
2.95 
2.09 
2.56 
2.91 
3.03 
2.15 
2.67 
3.05 
2.96 
2.06 
2.58 
2.95 
2.98 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Phosphorus 
Interaction 
0.103 
0.089 
0.173 
0.068 
0.058 
0.114 
0.077 
0.067 
NS 
2.57 2.65 2.71 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha . A uniform basal dose of nitrogen and 
potassium at the rate of 15 and 20 kg ha'' respectively was applied one day prior to sowing. 
NS- Non significant 
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increase in NR activity was also observed with increasing phosphorus and P40 proved 
better at first two sampling stages being equaled by P(,o at the vegetative stage. The 
former treatment recorded an increase of 14.85, 11.38 and 31.62% over control, 
however, at the final stage Peo with an increase of 34.38% over control proved best. 
Among the various interactions, the combination 100%WWxP4o with an increase of 
15.32 and 43.76% over GWXPQ proved good over the rest of the combinations at the later 
two stages of growth. At flowering stage, the treatments 100%)WWxP4o, GWxP^o, 
50%WWxP6o, 50%WWxP4o and GWXP40 were similar in their effect while at the last 
sampling GWxPgo, 100%WWxP4o, 100%WWxP6o and 50%WWxP6o were at par with 
each other. The nitrate reductase activity also decreased with growth and thus maximum 
enzymatic activity was recorded at vegetative and minimum at fruiting. 
4.3.10 Leaf N, P and K contents. 
The N content was increased with wastewater and maximum values were 
observed under 100%WW with an increase of 5.92, 9.69 and 12.50% over GW (Table 
22b). Even 50%WW was better when compared to GW. The phosphorus application 
synergistically resulted in the increasing the nitrogen content. P40 being at par with Peo at 
the first and last sampling proved best while at flowering the treatment Peo recorded the 
maximum N content followed by P40. An increase of 23.70, 40.47 and 34.09% was 
recorded under P40 over the control. 100%WWxP4o proved the best combination at 
vegetative and fruiting recording an increase of 38.87 and 60.50% over GWXPQ, while at 
flowering the combination 50%WWxP6o was optimum and was followed by 
100%WWxP4o which in turn was again at par with GWxPgQ. Thus indicating that 
wastewater could supplement some nutrient requirement of the crop. 
Significant differences in the phosphorus content to water treatments was 
observed only at the vegetative stage with 100%WW proving best and showing an 
increase of 2.61% over GW (Table 23a). As expected the phosphorus content responded 
well to the application of phosphorus fertilizer with 40 kg P ha"' (P40) being at par with 
P60 proved to be optimum while the treatment P20 was deficient. The optimum treatment 
recorded an increase of 14.54, 19.60 and 19.23% PQ. The combination of 100%WW with 
P40 proved optimum at vegetative and flowering recording an increase of 20.68 and 
26.53% over GWXPQ. At vegetative stage, 100%WWxP4o produced values which were at 
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Table 22. Effect of GW, 50%WW and 100%WW on (a) nitrate reductase activity [nmol NO2 h"' 
g"' FM] and (b) leaf nitrogen content (%) of chickpea (Cicer areitinum L.) grown 
under different levels of phosphorus at vegetative, flowering and fruiting stages. 
Mean 
Treatments 
/Water 
Po 
P20 
P40 
P60 
GW 
560.74 
602.17 
650.40 
660.30 
(a) Nitrate reductase activity 
Vegetative stage 
50%WW 100%WW 
573.15 
615.22 
654.58 
668.06 
582.26 
629.22 
665.96 
673.32 
Mean 
572.05 
615.54 
656.98 
667.23 
GW 
486.40 
511.89 
547.21 
556.07 
Flowering stage 
50% WW 
495.16 
520.00 
547.97 
549.20 
100%WW 
505.29 
530.49 
560.91 
451.73 
Mean 
495.62 
520.80 
552.03 
519.00 
618.40 627.75 637.69 525.39 528.08 512.10 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Po 
P20 
P40 
Peo 
307.58 
369.67 
423.16 
445.36 
320.46 
392.81 
417.91 
430.53 
346.96 
404.31 
442.18 
434.33 
325.00 
388.93 
427.75 
436.74 
386.44 390.43 406.94 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Phosphorus 
Interaction 
12.730 
11.025 
NS 
11.617 
10.061 
19.608 
10.169 
8.807 
17.163 
Mean 3.04 
fWf^ie^r 
Po 
P20 
P40 
Peo 
GW 
2.47 
2.95 
3.36 
3.39 
(b) Leaf nitrogen content 
Vegetative stage 
50%WW 100%WW 
2.68 
3.16 
3.22 
3.30 
2.94 
3.29 
3.43 
3.20 
Mean 
2.70 
3.14 
3.34 
3.30 
GW 
1.94 
2.45 
2.88 
3.06 
Flowering stage 
50% WW 
2.10 
2.62 
3.03 
3.30 
100%WW 
2.42 
2.75 
3.13 
3.02 
Mean 
2.15 
2.61 
3.02 
3.12 
3.09 3.22 2.58 2.76 2.83 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Po 
P20 
P40 
PfiO 
1.19 
1.43 
1.66 
1.82 
1.32 
1.64 
1.75 
1.73 
1.45 
1.73 
1.91 
1.74 
1.32 
1.60 
1.77 
1.76 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Phosphorus 
Interaction 
0.089 
0.077 
0.150 
0.087 
0.075 
0.147 
0.057 
0.050 
0.097 
1.52 1.61 1.71 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha''. A uniform basal dose of nitrogen and 
potassium at the rate of 15 and 20 kg ha'' respectively was applied one day prior to sowing. 
NS- Non significant 
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Table 23. Effect of GW, 50%WW and 100%WW on (a) leaf phosphorus and (b) leaf potassium 
content (%) of chickpea (filcer areitinum L.) grown under different levels of 
phosphorus at vegetative, flowering and fruiting stages. 
Treatments -
/Water 
Po 
P20 
P40 
Peo 
Mean 
Po 
P20 
P40 
Peo 
Mean 
GW 
0.382 
0.408 
0.441 
0.456 
0.422 
GW 
0.171 
0.197 
0.214 
0.233 
0.204 
(a) Leaf phosphorus content 
Vegetative stage 
50%WW 100%WW 
0.394 
0.427 
0.445 
0.442 
0.427 
0.401 
0.434 
0.461 
0.435 
0.433 
Fruiting stage 
50%WW 100%WW 
0.187 
0.192 
0.206 
0.220 
0.201 
0.188 
0.205 
0.230 
0.222 
0.211 
Mean 
0.392 
0.423 
0.449 
0.444 
Mean 
0.182 
0.198 
0.217 
0.225 
GW 
0.294 
0.330 
0.352 
0.371 
0.337 
Water 
Phosphorus 
Interaction 
Flowering stage 
50% WW 
0.306 
0.342 
0.357 
0.368 
0.343 
100%WW 
0.302 
0.345 
0.372 
0.350 
0.342 
LSD at 5% 
Vegetative 
stage 
0.009 
0.008 
0.016 
Flowering 
stage 
NS 
0.008 
0.015 
Mean 
0.301 
0.339 
0.360 
0.363 
Fruiting 
stage 
NS 
0.009 
NS 
Mean 4.34 
AVater 
Po 
P20 
P40 
P60 
GW 
3.82 
4.21 
4.53 
4.79 
(b) Leaf potassium content 
Vegetative stage 
50%WW 100%WW 
4.03 
4.45 
4.64 
4.48 
4.11 
4.56 
4.71 
4.43 
Mean 
3.99 
4.41 
4.63 
4.57 
GW 
3.09 
3.59 
3.91 
4.03 
Flowering stage 
50% WW 
3.32 
3.72 
3.86 
3.96 
100%WW 
3.39 
3.84 
4.17 
3.96 
Mean 
3.27 
3.72 
3.98 
3.98 
4.40 4.45 3.66 3.72 3.84 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Po 
P20 
P40 
P60 
2.31 
2.83 
3.01 
3.19 
2.42 
2.79 
3.13 
3.19 
2.63 
2.94 
3.22 
3.14 
2.45 
2.85 
3.12 
3.17 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Phosphorus 
Interaction 
0.091 
0.079 
0.154 
0.080 
0.069 
0.135 
0.064 
0.055 
0.108 
2.84 2.88 2.98 
N.B. Subscript values denote the amount of phosphorus (P) in kg ha''. A uniform basal dose of nitrogen and 
potassium at the rate of 15 and 20 kg ha"' respectively was applied one day prior to sowing. 
NS- Non significant 
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par with GWxPeo and 50%WWxP4o. At this stage the treatments GWXP20 was also at par 
with 100%WWxPo while at flowering 100%WWxP4o, GWxPgo, 50%WWxP6o and 
50%WWxP4o were equally effective. 
The potassium content also responded well to the wastewater with maximum 
recorded under 100%WW. An increase of 2.53, 4.92 and 4.93% was observed under this 
treatment (Table 23b). Potassium content was also significantly affected by phosphorus 
with P40 proving optimum being at par with Peo and the treatment P20 was deficient while 
Po recorded lowest K-content. P40 recorded an increase of 16.04, 21.71 and 27.35% over 
Po at three sampling stages. Among various interactions, 100%WWxP4o proved best 
giving an increase of 23.30, 34.95 and 39.39% over GWXPQ. At vegetative stage, 
GWxP^o and 50%WWxP4o were similar in their effect with the optimum combination 
while at fruiting besides the above mentioned combinations, 100%WWxP6o and 
50%WWxP6o were also at par with them. The NPK contents in the leaves decreased with 
ageing. Among the three elements, K was found to be maximum followed by N and P 
respectively. 
4.3.11 Chlorophyll content and photosynthetic characters 
Wastewater also proved superior over ground water in increasing the 
photosynthetic pigment at all the three sampling stages with 100%WW giving an 
increase of 10.26, 6.49 and 8.52% over GW (Table 24a). At the second sampling stage, 
50%WW was also at par with 100%WW. Here also the plants response to phosphorus 
application in terms of chlorophyll content yielded significant results with P40 proving to 
be optimum giving values which were at par with Peo- It recorded an increase of 29.91, 
32.02 and 34.34% over PQ. Among the various interactions at the second sampling stage 
100%WW XP40 being at par with 50%WWxP6o, GWxPgo and 50%WWxP4o proved 
optimum combination and recorded an increase of 46.65% while at the last sampling 
100%WWxP6o proved better and it was followed by 100%WWxP4o which in turn was at 
par with GWxPgo and 50%WWxP6o. 
Wastewater also proved effective in increasing these important photosynthetic 
parameters with maximum values recorded for 100%WW. The plants under this 
treatment recorded an increase of 10.86, 5.80 and 10.21% in the photosynthetic rate over 
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Table 24. Effect of GW, 50%WW and 100%WW on (a) chlorophyll content (mgkg' fresh mass) 
and (b) photosynthetic rate (nmol CO2 m'^  s'') (cm) of chickpea {Cicer areitirtum L.) 
grown under different levels of phosphorus at vegetative, flowering and fruiting 
stages. 
Mean 
Treatments -
/ water 
Po 
P20 
P40 
Peo 
GW 
1.474 
1.747 
1.954 
2.037 
Vegetative stage 
(a) Chlorophyll content 
50%WW 100%WW Mean 
1.610 
1.830 
2.054 
2.094 
1.680 
1.934 
2.180 
2.157 
1.588 
1.837 
2.063 
2.096 
GW 
1.237 
1.437 
1.707 
1.787 
Flowering stage 
50%WW 
1.300 
1.584 
1.767 
1.830 
100%WW 
1.467 
1.570 
1.814 
1.717 
Mean 
1.335 
1.530 
1.763 
1.778 
1.803 1.897 .988 1.542 1.620 1.642 
Fruiting stage LSD at 5% 
Po 
P20 
P40 
Peo 
Mean 
GW 50%WW 100%WW Mean 
0.974 
1.127 
1.407 
1.467 
1.074 
1.237 
1.387 
1.414 
1.124 
1.274 
1.467 
1.534 
1.244 1.278 1.350 
1.057 
1.213 
1.420 
1.472 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Phosphorus 
Interaction 
0.045 
0.039 
NS 
0.046 
0.040 
0.078 
0.034 
0.030 
0.058 
Mean 
AVfltpr 
Po 
P20 
P40 
Peo 
GW 
7.26 
12.31 
13.48 
14.83 
Vegetative stage 
50% WW 100%WW 
9.46 
11.87 
14.33 
13.65 
10.32 
13.52 
14.86 
14.39 
(b) Photosynthesis rate 
Mean 
9.01 
12.57 
14.22 
14.29 
GW 
13.46 
15.76 
17.02 
17.17 
Flowering stage 
50% WW 
14.82 
15.88 
16.96 
17.36 
100%WW 
14.83 
16.02 
17.95 
18.27 
Mean 
14.37 
15.89 
17.31 
17.60 
11.97 12.33 13.27 15.85 16.26 16.77 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Po 
P20 
P40 
Peo 
5.25 
7.34 
8.72 
9.24 
6.11 
7.84 
9.26 
9.03 
6.89 
8.17 
9,40 
9.24 
6.09 
7.78 
9.13 
9.17 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Phosphorus 
Interaction 
0.086 
0.074 
0.145 
0.164 
0.142 
0.276 
0.069 
0.060 
0.116 
7.64 8.06 8.42 
N.B. Subscript values denote the amount of phosphorus (P) in kg ha''. A uniform basal dose of nitrogen and 
potassium at the rate of 15 and 20 kg ha'' respectively was applied one day prior to sowing. 
NS- Non significant 
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Table 25. Effect of GW, 50%WW and 100%WW on (a) stomatal conductance (mol m"^  s"') and 
(b) water use efficiency (WUE) of chickpea {Cicer areitinum L.) grown under 
different levels of phosphorus at vegetative, flowering and fruiting stages. 
Mean 
Treat! nei lis -
AVater 
Po 
P20 
P40 
Peo 
GW 
0.172 
0.197 
0.213 
0.224 
(a) Stomatal conductance 
Vegetative stage 
50%WW 100%WW 
0.183 
0.193 
0.217 
0.222 
0.185 
0.205 
0.235 
0.231 
Mean 
0.180 
0.198 
0.222 
0.226 
GW 
0.205 
0.216 
0.224 
0.231 
Flowering stage 
50% WW 
0.209 
0.218 
0.229 
0.238 
100%WW 
0.207 
0.205 
0.233 
0.228 
Mean 
0.207 
0.213 
0.229 
0.232 
0.202 0.204 0.214 0.219 0.224 0.218 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Po 
P20 
P40 
P60 
0.132 
0.146 
0.158 
0.164 
0.151 
0.156 
0.161 
0.162 
0.142 
0.155 
0.169 
0.167 
0.142 
0.152 
0.163 
0.164 
0.150 0.158 0.158 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Phosphorus 
Interaction 
0.004 
0.004 
0.007 
NS 
0.005 
NS 
0.003 
0.003 
0.006 
Mean 
Treatments -
/Wflfpr 
Po 
P20 
P40 
Pec 
GW 
0.295 
0.344 
0.377 
0.407 
Vegetative stage 
(b) Water 
50%WW 100%WW Mean 
0.317 
0.351 
0.384 
0.392 
0.332 
0.367 
0.408 
0.402 
0.315 
0.354 
0.390 
0.400 
use efficiency 
GW 
0.432 
0.474 
0.493 
0.517 
Flowering stage 
50% WW 
0.440 
0.484 
0.516 
0.510 
100%WW 
0.458 
0.494 
0.517 
0.494 
Mean 
0.443 
0.484 
0.509 
0.507 
0.356 0.361 0.377 0.479 0.488 0.491 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Po 
P20 
P40 
Peo 
0.186 
0.217 
0.239 
0.264 
0.198 
0.222 
0.243 
0.253 
0.202 
0.229 
0.261 
0.246 
0.195 
0.223 
0.248 
0.254 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Phosphorus 
Interaction 
0.011 
0.009 
0.018 
0.011 
0.009 
0.018 
0.007 
0.006 
0.012 
0.227 0.229 0.235 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha"'. A uniform basal dose of nitrogen and 
potassium at the rate of 15 and 20 kg ha"' respectively was applied one day prior to sowing. 
NS- Non significant 
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Table 26. Effect of GW, 50%WW and 100% WW on (a) transpiration rate (mmol m'^  s ') and (b) 
internal CO2 (ppm) of chickpea {Cicer areitinum L.) grown under different levels of 
phosphorus at vegetative, flowering and fruiting stages. 
Mean .82 
Treatments 
Po 
P20 
P40 
Peo 
GW 
1.27 
1.68 
2.04 
2.28 
Vegetative stage 
50% WW 
1.39 
1.79 
2.16 
2.25 
100%WW 
1.48 
1.92 
2.33 
2.15 
(a) Transpiration rate 
Mean 
1.38 
1.80 
2.18 
2.23 
GW 
2.75 
3.32 
3.91 
4.08 
Flowering stage 
50% WW 
2.91 
3.37 
4.13 
4.05 
100%WW 
3.05 
3.73 
4.10 
3.89 
Mean 
2.90 
3.48 
4.04 
4.01 
1.90 .97 3.51 3.62 3.69 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Po 
P20 
P40 
Peo 
1.43 
1.79 
1.94 
2.13 
1.55 
1.85 
2.15 
2.04 
1.66 
1.93 
2.15 
1.93 
1.54 
1.86 
2.08 
2.03 
1.82 1.90 1.92 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Phosphorus 
Interaction 
0.064 
0.056 
0.108 
0.071 
0.061 
0.120 
0.088 
0.077 
0.149 
Mean 
Treatments 
AVatpr 
Po 
P20 
P40 
Peo 
GW 
204.33 
251.33 
325.00 
339.00 
Vegetative stage 
50%WW 100%WW 
216.67 224.67 
271.00 283.00 
330.00 345.00 
342.00 324.33 
(b) Internal CO2 
Mean 
215.22 
268.44 
333.33 
335.11 
GW 
332.00 
387.67 
430.67 
439.33 
Flowering stage 
50% WW 
363.67 
411.00 
442.33 
428.67 
100%WW 
373.00 
424.33 
440.00 
417.67 
Mean 
356.22 
407.67 
437.67 
428.56 
279.92 289.92 294.25 397.42 411.42 413.75 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Po 
P20 
P40 
Peo 
141.00 
179.33 
207.00 
217.00 
158.67 
188.33 
211.33 
216.33 
162.67 
194.00 
222.67 
203.00 
154.11 
187.22 
213.67 
212.11 
186.08 193.67 195.58 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Phosphorus 
Interaction 
6.978 
6.043 
11.777 
9.974 
8.638 
16.834 
5.607 
4.856 
9.464 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha . A uniform basal dose of nitrogen and 
potassium at the rate of 15 and 20 leg ha"' respectively was applied one day prior to sowing. 
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control GW while other parameters also responded more or less in similar manner (Table 
24b, 25 and 26). 
Application of phosphorus influenced positively the photosynthetic parameters 
and significant increase was observed with P40 proving to be optimum being at par with 
Peo while P20 was deficient. An increase of 57.82 and 23.33% was observed in the 
photosynthetic rate and stomatal conductance at vegetative stage and at flowering this 
treatment recorded an increase of 20.46 and 10.63% while an increase of 49.92 and 
14.79% was observed at fruiting for these two parameters over the control. Other 
parameters viz., internal CO2, transpiration rate and Water use efficiency also responded 
more or less in similar way (Table 25 and 26). 
The interaction also yielded significant results and interestingly the optimum 
values for these important photosynthetic parameters were recorded for the combination 
of 100%WW together with P40. Photosynthetic rate and stomatal conductance were 
increased by 104.68 and 36.63% at vegetative stage while at fruiting an increase of 79.05 
and 28.03% over GWxPo was recorded. The photosynthetic characters also first 
increased fi"om vegetative to flowering and there after declined towards fruiting. 
4.3.12 Seed yield and protein content 
Wastewater irrigation significantly affected nearly all the yield parameters except 
the number of seeds per pod (Table 27). Higher pods per plant were recorded under 
100%WW irrigated plants similarly higher 100 seed weight was recorded under the same 
treatment which ultimately led to the increased seed yield. The protein content in the 
plants receiving this water was comparatively higher than the rest of the treatments. It 
may be noted that 10.79,4.72, 10.25 and 3.05% increase in the number of pods per plant, 
lOOseed weight, seed yield and protein content was recorded under this treatment. 
The phosphorus application also significantly affected the yield characteristics 
and there by led to the increased seed yield and protein content. The phosphorus 
application at the rate of 60 and 40 kg ha"' were similar in their effect for nearly all 
parameters except for 100 seed weight where Peo proved better and was followed by P40. 
Thus for this experiment the phosphorus application at the rate of 40 kg ha'' recorded an 
increase of 57.78, 16.46, 32.74, and 9.90% in the number of pods per plant, 100 seed 
weight, seed yield and protein content respectively over the control. 
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Table 27. Effect of GW, 50%WW and 100%WW on (a) seeds per pod, (b) pods per plant, (c) 
100 seed weight (g), (d) seed yield (g plant ' ) and (e) protein content (%) of chickpea 
{Cicer areitinum L.) grown under different levels of phosphorus at vegetative, 
flowering and fruiting stages. 
Treatments 
/Water 
Po 
P20 
P40 
Peo 
Mean 
Po 
P20 
P40 
Peo 
Mean 
GW 
1.00 
1.67 
1.67 
1.67 
1.50 
GW 
20.47 
22.07 
23.95 
24.94 
22.86 
(a) Seeds per pod 
50%WW 100%WW 
1.33 
1.00 
1.33 
1.33 
1.25 
1.67 
1.33 
1.33 
1.33 
1.42 
(c) 100 seed weight 
50%WW 100%WW 
20.94 
23.43 
24.06 
24.59 
23.26 
21.46 
23.92 
25.21 
25.16 
23.94 
Mean 
1.33 
1.33 
1.45 
1.45 
Mean 
20.96 
23.14 
24.41 
24.90 
GW 
17.33 
24.33 
27.67 
29.67 
24.75 
Water 
Phosphorus 
Interaction 
(b) Pods 
50% WW 
18.67 
25.67 
28.33 
28.67 
25.33 
Seeds per 
pod 
NS 
NS 
NS 
per plant 
100% WW 
19.33 
27.33 
31.33 
31.67 
27.42 
LSD at 5% 
Pods per 
plant 
1.931 
1.672 
NS 
Mean 
18.45 
25.78 
29.11 
30.00 
100 seed 
weight 
0.427 
0.369 
0.720 
Treatments 
AVater 
Po 
P20 
P40 
P60 
Mean 
GW 
7.36 
9.74 
10.83 
11.11 
9.76 
(d) Seed yield 
50% WW 100%WW 
8.74 
10.25 
11.21 
11.20 
10.35 
9.27 
11.02 
11.65 
11.12 
10.76 
Mean 
8.46 
10.34 
11.23 
11.14 
GW 
19.35 
20.78 
21.90 
21.92 
20.99 
(e) Protein content 
50% WW 
20.08 
21.01 
21.97 
22.07 
21.28 
100%WW 
20.52 
21.80 
22.01 
22.17 
21.63 
Mean 
19.98 
21.20 
21.96 
22.05 
Water 
Phosphorus 
Interaction 
LSD at 5% 
Seed yield Protein content 
0.409 
0.354 
0.690 
0.227 
0.196 
0.383 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha"'. A uniform basal dose of nitrogen and 
potassium at the rate of 15 and 20 kg ha' respectively was applied one day prior to sowing. 
NS- Non significant 
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Most of the interactions were also significant except for number of seeds per pod 
and number of pods per plant. The combination 100%WWXP40 proved optimum for 100 
seed weight being at par with GWxPgo, 100%WWxP6o and 50%WWxP6o recording an 
increase of 23.16% over the control and was followed by 100%WWxP2o which recorded 
an increase of 16.83% over GWXPQ This later combination however proved to be the 
optimum for the seed yield and protein content recording an increase of 49.73, and 
12.66% over the control GWXPQ. 
4.4 Experiment III 
The design of this experiment was also complete randomized block design and 
the water treatments in this experiment were also the same as in experiment I and II but 
in this experiment four different levels of potassium (KQ, K20, K40, Keo) along with the 
basal application of N15 and P20 optimum doses obtained from the experiment I and II 
were applied on the same crop viz., chickpea (Table 1). Only the significant data is 
briefly described below. 
4.4.1 Shoot length 
It was significantly affected under different water treatments at vegetative and 
flowering stages where maximum value was recorded under 100%WW with an increase 
of 6.59% and 8.13% over GW (Table 28a.). The potassium dose, K40 proved best in 
increasing the shoot length at earlier two sampling stages while at last stage the 
treatments K20, K40 and Keo were at par. At flowering, the treatment K40 and Keo were 
similar in their effect. Among interactions the combination, 100%WWxK2o proved 
giving an increase of 68.17, 69.97 and 29.68% over GWxKo at three stages respectively. 
This combination of wastewater with comparatively lower dose of potassium was at par 
with ground water and the highest potassium dose (GWxKeo) at all the three stages 
showing the suitability of wastewater to supplement the K. The shoot length increased 
throughout the growth period. 
4.4.2 Root length 
Wastewater significantly affected it at the vegetative stage while at later two 
stages the effect was non significant. At early stage only a marginal increase of 0.53% 
was observed in 100%WW (Table 28b). Among the potassium doses, 40 kg ha'' proved 
best and an increase of 26.88, 21.01% was recorded over KQ at vegetative and flowering 
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Table 28. Effect of GW, 50%WW and 100%WW on (a) shoot and (b) root length (cm) of 
chickpea {Cicer areitinum L.) grown under different levels of potassium at vegetative, 
flowering and fruiting stages. 
Treatments -
AVater 
Ko 
K40 
Keo 
Mean 
Ko 
K.20 
K.40 
K60 
Mean 
GW 
18.57 
26.43 
29.93 
31.30 
26.56 
GW 
43.80 
52.43 
52.57 
57.77 
51.64 
Vegetative stage 
50% WW 
21.60 
27.07 
30.83 
28.93 
27.11 
100%WW 
22.63 
31.23 
32.23 
27.13 
28.31 
Fruiting stage 
50% WW 
45.10 
53.47 
55.03 
56.97 
52.64 
100%WW 
49.07 
56.80 
53.63 
50.77 
52.57 
(a) Shoot length 
Mean 
20.93 
28.25 
31.00 
29.12 
Mean 
45.99 
54.23 
53.75 
55.17 
GW 
31.83 
42.80 
52.57 
56.23 
45.86 
Water 
Potassium 
Interaction 
Flowering stage 
50% WW 
34.30 
48.33 
53.20 
52.03 
46.97 
Vegetative 
stage 
1.148 
0.995 
1.938 
100%WW 
36.57 
54.10 
56.90 
50.80 
49.59 
LSD at 5% 
Flowering 
stage 
1.962 
1.699 
3.312 
Mean 
34.23 
48.41 
54.22 
53.02 
Fruiting 
stage 
NS 
1.449 
2.824 
Mean 
AVfltpr 
Ko 
K20 
K40 
Kfio 
GW 
8.77 
11.33 
12.40 
12.73 
Vegetative stage 
50% WW 
9.80 
11.73 
11.57 
10.50 
100%WW 
10.10 
12.50 
12.43 
10.43 
(b) Root length 
Mean 
9.56 
11.86 
12.13 
11.22 
GW 
13.23 
14.53 
. 17.13 
16.60 
Flowering stage 
50% WW 
13.77 
15.40 
16.67 
15.80 
100%WW 
14.13 
17.03 
15.97 
15.13 
Mean 
13.71 
15.66 
16.59 
15.84 
11.31 10.90 1.37 15.38 15.41 15.57 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Ko 
K20 
K40 
K60 
14.07 
16.47 
17.73 
16.27 
15.43 
17.43 
16.17 
14.93 
15.33 
18.07 
15.50 
15.13 
14.95 
17.32 
16.47 
15.45 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Potassium 
Interaction 
0.395 
0.342 
0.666 
NS 
0.682 
1.329 
NS 
0.789 
1.539 
16.13 15.99 16.01 
N.B.: Subscript values denote the amount of potassium (K) in kg ha''. A uniform basal dose of nitrogen and 
phosphorus at the rate of 15 and 20 leg ha"' respectively was applied one day prior to sowing. 
NS- Non significant 
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fiirespectively, however at fruiting K20 proved better and was followed by K40. Among 
the interactions, 100%WWxK2o was at par with GWxKeo, 100%WWxK4o and GWXK40 
at the first two growth stages while at final stage it was at par with GWXK40 and 
50%WWxK2o and thus proved to be the optimum combination. This combination 
recorded an increase of 42.53%, 28.72% and 28.43% over GWxKo. The root length 
increased from vegetative to flowering only. 
4.4.3 Fresh mass plant'* 
Wastewater proved efficacious in increasing the plant fresh mass and an increase 
of 8.00, 6.87 and 5.09% was recorded under 100%WW and it was also at par with 
50%WW at all the three stages (Table 29a). An increasing trend in the fresh mass with 
potassium doses was also observed although Keo was at par with K40 and hence was 
optimum while the former treatment was at luxury consumption and the lowest dose 
(K20) was deficient. 100%WWxK2o proved to be the best combination being at par either 
of the three waters in combination with higher potassium doses. At vegetative stage, it 
was at par with GWxKeo, 100%WWxK4o, 50%WWxK6o, 50%WWxK4o while at 
flowering with 50%WWxK4o and 50%WWxK6o. The later in turn was at par with 
GWxK6o and finally at the last sampling the optimum combination was equally effective 
to 50%WWxK6o, 100%WWxK4o, 50%WWxK4o, GWxKgo and GWXK40. The fresh mass 
increased throughout the growth period.. 
4.4.4 Dry mass plant"' 
The dry mass accumulation was also significantly affected under different water 
treatments with maximum recorded under 100%WW followed by 50%WW (Table 29b). 
An increase of 9.96, 9.33 and 7.39% was observed in plants irrigated with 100%WW. 
The varying potassium doses also significantly affected the dry mass and like the fresh 
mass an increase up to K40 was observed and there after it stabilized with Keo producing 
statistically similar values. The treatment K20 was deficient and expectedly the lowest 
value was noted in plants treated with KQ. Interactions were also significant and 
maximum dry matter accumulation was observed in plants under 100%WW together 
with a lower potassium dose (100%WWxK2o). An increase of 53.44, 47.62 and 45.39% 
over control was noted under this combination. This indicates, possibly the role of 
wastewater in accumulation of dry matter in the plants receiving it as the source of 
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Table 29. Effect of GW, 50%WW and 100%WW on plant (a) fresh and (b) dry mass (g) of 
chickpea {Cicer areitinum L.) grown under different levels of potassium at vegetative, 
flowering and fruiting stages. 
Mean 
1 reannenxs -
AJVatpr 
Ko 
K20 
K40 
Keo 
GW 
9.05 
10.47 
11.73 
12.74 
Vegetative stage 
50% WW 
9.87 
11.29 
12.49 
12.66 
100%WW 
10.07 
12.54 
12.77 
12.16 
(a) Plant fresh weight 
Mean 
9.66 
11.43 
12.33 
12.52 
GW 
11.71 
14.28 
15.14 
15.35 
Flowering stage 
50% WW 
13.12 
15.26 
15.71 
15.41 
100%WW 
13.56 
15.64 
16.14 
15.03 
Mean 
12.80 
15.06 
15.66 
15.26 
.00 1.58 W.l 14.12 14.88 15.09 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Ko 
K.20 
K40 
K60 
13.49 
14.28 
16.34 
16.41 
14.14 
15.40 
16.44 
16.56 
14.72 
16.17 
16.52 
16.18 
14.11 
15.29 
16.43 
16.38 
15.13 15.63 15.90 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Potassium 
Interaction 
0.407 
0.353 
0.687 
0.429 
0.372 
0.725 
0.362 
0.313 
0.610 
AVater 
Ko 
K20 
K40 
Keo 
Mean 
Ko 
K20 
K40 
Keo 
Mean 
GW 
1.89 
2.28 
2.68 
2.80 
2.41 
GW 
3.04 
3.65 
4.09 
4.39 
3.79 
Vegetative stage 
50% WW 
2.04 
2.59 
2.76 
2.75 
2.53 
100%WW 
2.19 
2.90 
2.88 
2.61 
2.65 
Fruiting stage 
50% WW 
3.39 
3.95 
4.28 
4.20 
3.96 
100%WW 
3.52 
4.42 
4.32 
4.02 
4.07 
(b) Plant dry weight 
Mean 
2.04 
2.59 
2.77 
2.72 
Mean 
3.32 
4.01 
4.23 
4.20 
GW 
2.73 
3.18 
3.97 
3.83 
3.43 
Water 
Potassium 
Interaction 
Flowering stage 
50% WW 
2.97 
3.46 
3.94 
3.97 
3.59 
Vegetative 
stage 
0.128 
0.111 
0.215 
100%WW 
3.12 
4.03 
4.00 
3.85 
3.75 
LSD at 5% 
Flowering 
stage 
0.120 
0.104 
0.203 
Mean 
2.94 
3.56 
3.97 
3.88 
Fruiting 
stage 
0.122 
0.106 
0.206 
N.B.: Subscript values denote the amount of potassium (K) in kg ha\ A uniform basal dose of nitrogen and 
phosphorus at the rate of 15 and 20 kg ha'' respectively was applied one day prior to sowing. 
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irrigation water. This combination was at par with higher potassium dose in combination 
with other two waters (GWxKeo and 50%WWxK4o) at all the three stages of growth. The 
dry matter accumulation continued throughout the growth period and hence highest dry 
matter was recorded at fruiting. 
4.4.5 Nodulation (Nodule number, nodule fresh mass and dry mass) 
The water treatments had no significant affect on the nodule numbers however, 
their fresh and dry mass were significantly affected with maximum fresh and dry mass 
recorded under 100%WW (Table 30 and 31a). The fresh mass of the nodules under 
100%WW was increased by 3.64, 1.89 and 3.26% over GW while the dry mass by 8.09, 
6.74 and 5.87% at the three stages respectively. 
Different doses of potassium significantly affected nodule formation and hence 
their number was increased and K20 proved optimum and gave values which were at par 
with K40 and K o^ at the later stages, however, at the initial stage maximum nodules were 
recorded under K40 which was at par with K o^- However maximum nodule fresh mass 
was recorded under K40 at the vegetative and flowering stage while at fruiting it was 
maximum under K2o- On the contrary, dry mass was more under K40 at all the three 
stages with an increase of 23.56, 31.72, and 20.16% over KQ. 
Among the interactions, 100%WWxK2o proved best combination for the 
parameters of nodulation with maximum nodules noted under this combination and in 
general it was at par with the higher potassium doses in combination with GW (Table 
30a). An increase of 75.01, 37.50 and 138.82% over GWXKQ, in nodule number, was 
recorded. It was at par with GWxK6o, GWXK40 and besides these the combinations 
100%WWxK4o, 50%WWxK4o and 50%WWxK6o were also similar in their effect with 
the later combinations at vegetative stage while at flowering the optimum combination 
was at par with 50%WWxK6o and 50%WWxK4o. Like nodule number, 100%WWxK2o 
also proved optimum in increasing nodule fresh mass and dry mass with an increase of 
27.62 and 37.11% at vegetative stage over control GWxKo while an increase of 17.46 
and 51.77% in the fresh and dry mass was recorded under this combination at flowering 
and finally at the last sampling an increase of 38.82 and 36.56% was observed. The 
nodule number their fresh and dry mass increased from vegetative to flowering and 
thereafter declined towards fruiting. 
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Table 30. Effect of GW, 50%WW and 100%WW on (a) nodule number and (b) nodule fresh 
mass (mg plant') of chickpea (Cicer areitinum L.) grown under different levels of 
potassium at vegetative, flowering and fruiting stages. 
Treatments -
AValer 
Ko 
K.20 
K.60 Mean 
Ko 
K20 
K40 
K.60 
Mean 
GW 
17.33 
26.33 
31.67 
32.33 
26.92 
GW 
10.33 
18.67 
24.33 
22.33 
18.92 
Vegetative stage 
50%WW 
20.67 
28.33 
29.33 
28.33 
26.67 
100%WW 
21.67 
30.33 
29.67 
26.33 
27.00 
Fruiting stage 
50% WW 
14.00 
21.33 
22.67 
20.33 
19.58 
100%WW 
16.33 
24.67 
19.67 
19.33 
20.00 
(a) Nodule number 
Mean 
19.89 
28.33 
30.22 
29.00 
Mean 
13.56 
21.56 
22.22 
20.67 
GW 
26.67 
32.67 
34.33 
32.67 
31.58 
Water 
Potassium 
Interaction 
Flowering stage 
50% WW 
29.33 
32.33 
35.33 
35.00 
33.00 
Vegetative 
stage 
NS 
2.076 
4.046 
100%WW 
31.33 
36.67 
29.67 
29.33 
31.75 
LSD at 5% 
Flowering 
stage 
NS 
2.168 
4.226 
Mean 
29.11 
33.89 
33.11 
32.33 
Fruiting 
stage 
NS 
1.926 
3.754 
Mean 
Treatments 
AVflfpr 
Ko 
K20 
K40 
K60 
GW 
207.23 
236.98 
257.77 
255.53 
Vegetative stage 
50% WW 
215.97 
250.28 
259.63 
263.30 
100%WW 
218.73 
264.47 
261.83 
247.33 
(b) Nodule fresh mass 
Mean 
213.98 
250.58 
259.75 
255.39 
GW 
356.97 
400.77 
417.10 
409.57 
Flowering stage 
50% WW 
377.23 
414.17 
416.83 
400.97 
100%WW 
382.97 
419.30 
414.20 
397.83 
Mean 
372.39 
411.41 
416.04 
402.79 
239.38 247.30 248.09 396.10 402.30 403.58 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Ko 
K20 
K40 
K60 
121.50 
151.07 
159.53 
155.30 
135.93 
156.73 
153.47 
144.63 
140.63 
168.67 
158.43 
138.77 
132.69 
158.82 
157.15 
146.23 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Potassium 
Interaction 
4.873 
4.220 
8.225 
3.671 
3.179 
6.196 
3.896 
3.374 
6.576 
146.85 147.69 151.63 
N.B.: Subscript values denote the amount of potassium (K) in kg ha''. A uniform basal dose of nitrogen and 
phosphorus at the rate of 15 and 20 kg ha'' respectively was applied one day prior to sowing. 
NS- Non significant 
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Table 31. Effect of GW, 50%WW and 100%WW on (a) nodule dry mass (mg plant"') and (b) 
leghaemoglobin content [mmol (g FM)"'] of chickpea (Cicer areitinum L.) grown 
under different levels of potassium at vegetative, flowering and fruiting stages. 
Mean 
Treatments -
Ko 
K.20 
K40 
Kfio 
GW 
25.87 
29.90 
34.60 
35.23 
Vegetative stage 
50% WW 
29.43 
33.70 
34.97 
34.73 
100%WW 
30.27 
35.47 
36.17 
33.87 
(a) Nodule dry mass 
Mean 
28.52 
33.02 
35.24 
34.61 
GW 
44.43 
59.87 
65.73 
63.90 
Flowering stage 
50% WW 
51.30 
62.47 
65.83 
63.13 
100%WW 
54.93 
67.43 
66.87 
60.43 
Mean 
50.22 
63.26 
66.15 
62.49 
31.40 33.21 33.94 58.48 60.68 62.42 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Ko 
K20 
K.40 
Keo 
20.43 
24.03 
28.07 
26.33 
22.50 
27.13 
26.50 
26.60 
24.77 
27.90 
26.80 
25.20 
22.57 
26.36 
27.12 
26.04 
24.72 25.68 26.17 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Potassium 
Interaction 
1.193 
1.033 
2.014 
1.633 
1.414 
2.756 
0.878 
0.761 
1.483 
Treatments -
AVater 
Ko 
K20 
K40 
Kfio 
Mean 
Ko 
K20 
K40 
Kfto 
Mean 
GW 
29.85 
34.94 
38.99 
42.47 
36.56 
GW 
15.02 
19.62 
23.09 
22.21 
19.98 
(b) Leghaemoglobin content 
Vegetative stage 
50% WW 
34.13 
41.73 
42.20 
41.56 
39.91 
100%WW 
35.08 
43.97 
44.38 
39.48 
40.73 
Fruiting stage 
50% WW 
17.43 
20.39 
22.43 
21.31 
20.39 
100%WW 
19.14 
22.29 
23.59 
20.53 
21.39 
Mean 
33.02 
40.22 
41.85 
41.17 
Mean 
17.20 
20.76 
23.04 
21.35 
GW 
52.02 
54.01 
67.62 
66.81 
60.12 
Water 
Potassium 
Interaction 
Flowering stage 
50% WW 
53.03 
60.63 
66.73 
67.26 
61.91 
Vegetative 
stage 
1.605 
1.390 
2.709 
100%WW 
55.19 
70.14 
68.96 
66.34 
65.16 
LSD at 5% 
Flowering 
stage 
1.867 
1.617 
3.151 
Mean 
53.41 
61.59 
67.77 
66.80 
Fruiting 
stage 
0.909 
0.787 
1.534 
N.B.: Subscript values denote the amount of potassium (K) in kg ha . A uniform basal dose of nitrogen and 
phosphorus at the rate of 15 and 20 kg ha'' respectively was applied one day prior to sowing. 
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4.4.6 Leghemoglobin content 
It was also increased under the application of wastewater maximum being 
recorded under 100%WW with an increase of 11.41, 8.38 and 7.06% over GW (Table 
31b) and at the first stage it was at par with 50%WW however at later stages, 50%WW 
showed statistically equal values with GW. This parameter increased with potassium 
doses also up to K40 and there after stabilized being at par with Keo at the two initial 
stages. The treatment K40 recorded an increase of 26.74, 26.89 and 33.95% over Ko and 
K20 proved deficient. Here also 100%WWxK2o proved optimum with an increase of 
47.30, 34.83 and 48.40% at vegetative, flowering and fruiting stage respectively over 
GWxKo. The optimum combination (100%WWxK2o) was at par with ground water in 
combination with higher potassium dose (GWxKeo) at all the three stages showing the 
utility of wastewater. The leghemoglobin content also increased from vegetative to 
flowering then declined sharply towards fruiting. 
4.4.7 Leaf area plant"' 
At vegetative stage significant increase in the leaf area was recorded under both 
the wastewater irrigated plants viz., 100%WW and 50%WW with maximum recorded 
under 100%WW however, towards the next two sampling stages no significant 
differences in the leaf area due to different waters were noted (Table 32a). The treatment 
K40 being at par with Keo at first and last sampling stage proved to be optimum with 
maximum leaf area formation. Among the interactions, 100%WWxK2o proved optimum 
combination recording an increase of 59.08, 27.81 and 34.45% over GWXKQ. This 
combination was at par with 100%WWxK4o, GWxKeo at all the three sampling stages. 
Leaf area also increased from vegetative to flowering and then declined towards fiiiiting. 
4.4.8 Carbonic anhydrase activity 
Wastewater also proved beneficial in enhancing the enzymatic activity with 
100%WW proving better recording an increase of 9.23, 6.59 and 9.38% over GW (Table 
32b). Potassium again at the rate 40 kg ha"' proved optimum with an increase of 34.91, 
20.75 and 34.15% over Ko, showing at par values with Keo while K20 was deficient and 
least activity was observed in KQ. 100%WWXK2O proved to be the optimum combination 
at later stages while at early stage (vegetative) the combination, 100%WWxK4o was 
better which was also at par with GWxK6o. The combination 100%WWxK2o at the two 
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Table 32. Effect of GW, 50% WW and 100% WW on (a) leaf are (cm^ plant') and (b) carbonic 
anhydrase activity [mol CO2 kg'" (leaf f.m.)s"'] of chickpea (Cicer areitinum L.) grown 
under different levels of potassium at vegetative, flowering and fruiting stages. 
Mean 
Treatments 
AVater 
Ko 
K.20 
K40 
Keo 
GW 
261.53 
315.37 
367.87 
389.39 
Vegetative stage 
50% WW 
284.08 
347.07 
398.39 
391.15 
100%WW 
313.08 
416.04 
422.10 
377.96 
(a) Leaf 
Mean 
286.23 
359.50 
396.12 
386.17 
area 
GW 
561.01 
649.40 
710.31 
691.96 
Flowering stage 
50% WW 
575.93 
680.89 
702.37 
674.67 
100%WW 
603.03 
717.02 
723.65 
628.28 
Mean 
579.99 
682.44 
712.11 
664.97 
333.54 355.17 382.30 653.17 658.46 668.00 
Fruiting stage LSD at 5% 
Ko 
K.20 
K40 
K60 
Mean 
GW 
289.33 
334.79 
395.20 
396.48 
353.95 
50% WW 
316.82 
371.33 
386.33 
390.96 
366.36 
100%WW 
312.33 
389.00 
402.58 
375.89 
369.95 
Mean 
306.16 
365.04 
394.70 
387.78 
Vegetative 
stage 
Water 20.28 
Potassium 17.57 
Interaction 34.24 
Flowering 
stage 
NS 
19.03 
37.08 
Fruiting 
stage 
NS 
14.67 
28.60 
Mean 2.71 
AVater 
Ko 
K20 
K40 
Kao 
GW 
2.14 
2.63 
2.88 
3.20 
(b) Carbonic anhydrase; 
Vegetative stage 
50% WW 
2.37 
2.92 
3.26 
3.10 
100%WW 
2.44 
3.07 
3.25 
3.07 
Mean 
2.32 
2.87 
3.13 
3.13 
GW 
3.86 
4.27 
4.56 
4.92 
activity 
Flowering stage 
50% WW 
4.02 
4.66 
4.98 
4.85 
100%WW 
4.12 
4.89 
4.95 
4.80 
Mean 
4.00 
4.61 
4.83 
4.86 
2.91 2.96 4.40 4.63 .69 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Ko 
K20 
K40 
Keo 
1.54 
1.79 
2.05 
2.28 
1.64 
2.23 
2.27 
2.17 
1.74 
2.27 
2.28 
2.11 
1.64 
2.10 
2.20 
2.19 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Potassium 
Interaction 
0.077 
0.067 
0.130 
0.113 
0.098 
0.191 
0.099 
0.086 
0.167 
1.92 2.08 2.10 
N.B.: Subscript values denote the amount of potassium (K) in kg ha"'. A uniform basal dose of nitrogen and 
phosphorus at the rate of 15 and 20 kg ha'' respectively was applied one day prior to sowing. 
NS- Non significant 
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later stages recorded an increase of 26.68 and 47.40% over control and it was also at par 
with GWxKeo at three stages studied. The carbonic anhydrase activity increased between 
first two stages of growth and then decreased towards the fruiting. 
4.4.9 NR activity 
Wastewater proved beneficial and significant differences in the NR activity were 
observed under different water treatments with maximum recorded in plants under 
100%WW irrigation with an increase of 2.97 and 4.26% over ground water irrigated 
plants at vegetative and fruiting stages (Table 33a). NR activity increased with increasing 
potassium doses up to K40 which proved to be optimum and gave values which were 
statistically similar with Keo and showed an increase of 15.84, 10.16 and 16.08% over KQ 
at three stages respectively. The combination 100%WWxK2o proved better being at par 
with higher potassium dose together with different water treatments in general. The 
optimum combination was at par with GWxKeo, 5Q%WWxK40, 100%WWxK4o at three 
stages while at flowering and fruiting 100%WWxKo and GWXK20 were also similar in 
their effect. The NR activity decreased with the aging of the plants with maximum rate 
of decrease between flowering to fruiting. 
4.4.10 N, P and K contents 
Like other parameters wastewater also proved effective in increasing the leaf 
nitrogen, phosphorus and potassium contents with maximum recorded under 100%WW 
thus proving to be a source of NPK in addition to other nutrients present (Table 33b and 
34). The leaf N, P and K contents were increased by 7.24, 3.51 and 5.83% over GW at 
vegetative stage while at flowering an increase of 6.62,4.94 and 3.18% was recorded and 
finally at fruiting an increase of 11.24, 6.11 and 4.53% was recorded respectively. The 
N, P and K contents increased with the potassium doses also. Thus K40 proved to be the 
optimum being at par with K60 which was at luxury consumption while K20 was 
deficient. 
The combination, 100%WWxK4o being at par with GWxKfio and 50%WWxK4o 
proved best for N content. However for P and K contents, 100%WWxK2o proved to be 
the optimum combination recording an increase of 18.44, 34.69% at vegetative stage 
while at flowering an increase of 31.73 and 22.49% was noted and finally at fruiting an 
increase of 35.98 and 34.60% in P and K contents respectively was recorded. Among 
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Table 33. Effect of GW, 50% WW and 100% WW on (a) nitrate reductase activity [nmol NO2 ii ' 
g ' FM] and (b) leaf nitrogen content (%) of chickpea (Cicer areitinum L.) grown 
under different levels of potassium at vegetative, flowering and fruiting stages. 
Mean 
Treatments 
AVater 
Ko 
K.20 
K.40 
K.60 
GW 
510.15 
554.27 
632.77 
639.90 
(a) Nitrate reductase activity 
Vegetative stage 
50% WW 
542.92 
600.80 
616.09 
604.02 
100%WW 
559.07 
636.50 
618.66 
592.40 
Mean 
537.38 
597.19 
622.51 
612.11 
GW 
449.34 
496.06 
523.85 
522.93 
Flowering stage 
50% WW 
481.25 
515.22 
516.93 
511.66 
100%WW 
487.06 
528.25 
520.91 
497.46 
Mean 
472.55 
513.18 
520.57 
510.68 
584.28 590.96 601.66 498.04 506.26 508.42 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Ko 
K.20 
K40 
Keo 
282.92 
320.59 
336.33 
346.04 
294.30 
337.33 
345.18 
336.13 
308.34 
353.33 
346.40 
332.65 
295.18 
337.08 
342.64 
338.27 
321.47 328.24 335.18 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Potassium 
Interaction 
15.913 
13.781 
26.858 
NS 
9.815 
19.128 
5.875 
5.088 
9.916 
Mean 3.59 
AVater 
Ko 
K20 
K40 
K60 
GW 
3.00 
3.43 
3.92 
4.03 
(b) Leaf nitrogen content 
Vegetative stage 
50% WW 
3.20 
3.73 
4.05 
4.00 
100%WW 
3.50 
3.87 
4.16 
3.86 
Mean 
3.23 
3.67 
4.04 
3.96 
GW 
2.41 
2.78 
3.09 
3.22 
Flowering stage 
50% WW 
2.61 
2.98 
3.05 
3.19 
100%WW 
2.76 
3.14 
3.29 
3.03 
Mean 
2.60 
2.97 
3.14 
3.15 
3.75 3.85 2.87 2.96 3.06 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Ko 
K20 
K40 
Keo 
1.33 
1.73 
1.94 
2.12 
1.44 
1.88 
2.05 
2.08 
1.64 
2.04 
2.21 
2.03 
1.47 
1.88 
2.06 
2.08 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Potassium 
Interaction 
0.091 
0.079 
0.154 
0.085 
0.074 
0.144 
0.068 
0.059 
0.115 
.78 1.86 .98 
N.B.: Subscript values denote the amount of potassium (K) in kg ha . A uniform basal dose of nitrogen and 
phosphorus at the rate of 15 and 20 kg ha'' respectively was applied one day prior to sowing. 
NS- Non significant 
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Table 34. Effect of GW, 50%WW and 100%WW on (a) leaf phosphorus and (b) leaf potassium 
content (%) of chickpea {Cicer areitinum L.) grown under different levels of 
potassium at vegetative, flowering and fruiting stages. 
Mean 
Treatments -
AVater 
Ko 
K.20 
K40 
K60 
GW 
0.358 
0.396 
0.419 
0.423 
(a) Leaf phosph( 
Vegetative stage 
50% WW 
0.375 
0.418 
0.421 
0.414 
100% WW 
0.386 
0.424 
0.424 
0.419 
Mean 
0.373 
0.413 
0.421 
0.419 
orus content 
GW 
0.271 
0.313 
0.355 
0.357 
Flowering stage 
50%) WW 
0.295 
0.326 
0.357 
0.345 
100%WW 
0.309 
0.357 
0.352 
0.340 
Mean 
0.292 
0.332 
0.355 
0.347 
0.399 0.407 0.413 0.324 0.331 0.340 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Ko 
K.20 
K.40 
K.60 
0.189 
0.218 
0.255 
0.252 
0.200 
0.233 
0.258 
0.253 
0.216 
0.257 
0.254 
0.243 
0.202 
0.236 
0.256 
0.249 
0.229 0.236 0.243 
Vegetative Flowering Fruiting 
stage st^e stage 
Water 
Potassium 
Interaction 
0.003 
0.003 
0.006 
0.010 
0.008 
0.016 
0.006 
0.005 
0.010 
Mean 4.12 
/Water 
Ko 
K20 
K40 
Keo 
GW 
3.43 
3.98 
4.56 
4.51 
(b) Leaf potassium content 
Vegetative stage 
50%>WW 
3.64 
4.23 
4.52 
4.47 
100% WW 
3.87 
4.62 
4.53 
4.40 
Mean 
3.65 
4.28 
4.54 
4.46 
GW 
3.29 
3.75 
4.01 
4.04 
Flowering stage 
50%. WW 
3.41 
3.79 
3.96 
4.00 
100%WW 
3.56 
4.03 
4.06 
3.91 
Mean 
3.42 
3.85 
4.01 
3.98 
4.21 4.36 3.77 3.79 3.89 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Ko 
K20 
K40 
Keo 
2.37 
2.87 
3.09 
3.15 
2.55 
2.99 
3.10 
3.07 
2.62 
3.19 
3.18 
3.01 
2.51 
3.02 
3.12 
3.08 
2.87 2.93 3.00 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Potassium 
Interaction 
0.098 
0.085 
0.166 
0.091 
0.079 
0.154 
0.103 
0.089 
0.173 
N.B.: Subscript values denote the amount of potassium (K) in kg ha . A uniform basal dose of nitrogen and 
phosphorus at the rate of 15 and 20 kg ha'' respectively was applied one day prior to sowing. 
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interactions in general, 100%WWxK2o produced statistically similar values with ground 
water together with higher potassium doses (GWxKeo) for both P and K contents at all 
the three stages of growth. The NPK contents progressively decreased with age and 
among the three elements, K was maximum followed by N and P was lowest. 
4.4.11 Chlorophyll content and photosynthetic characters 
Wastewater also proved beneficial with maximum chlorophyll recorded in 
100%WW at successive stages of sampling (Table 35a). K40 being at par with Keo, 
proved optimum while K20 proved deficient. An increase of 41.73, 29.58 and 32.77% 
was observed under the optimum treatment. 100%WWxK2o being at par with higher 
potassium doses in combination with different water treatments proved best. This 
combination however produced statistically similar values with GW^Keo at all the 
sampling stages thus indicating possible role of wastewater in increasing the 
photosynthetic pigment. The chlorophyll content increased from vegetative to flowering 
and then decreased towards fruiting. 
All the photosynthetic characters viz., photosynthetic rate, stomatal conductance, 
internal CO2, transpiration rate and water use efficiency were significantly affected under 
different water treatments with maximum values recorded under 100%WW which in 
general was at par with 50%WW. Photosynthetic rate and stomatal conductance were 
increased by 5.65 and 8.30% at vegetative stage, 4.94 and 6.89%o at flowering and finally 
at fruiting an increase of 10.18 and 9.34% was observed and other three photosynthetic 
parameters (internal CO2, transpiration rate and water use efficiency) also followed 
similar trend. 
Parameters of photosynthesis were also significantly affected under potassium 
treatments with K40 proving optimum while Keo could not increase them further and was 
at par with it and K20 was deficient. K40 increased the photosynthetic rate and stomatal 
conductance by 29.47 and 31.67% at vegetative stage, while at flowering an increase of 
15.14 and 30.04% was recorded and finally at fruiting these parameters were increased 
by 60.98 and 79.67% over the control. More or less similar trend was observed for rest of 
the parameters (Tables 35b, 36 and 37). Among the interactions, here also lower 
potassium dose (K20) in combination with 100%WW proved optimum for nearly all the 
parameters and in general showed similar values with the higher potassium dose in 
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Table 35. Effect of GW, 50%WW and 100%WW on (a) chlorophyll content (mg kg' fresh mass) 
and (b) photosynthetic rate (nmol CO2 m'^  s"') (cm) of chickpea (Cicer areitinum L.) 
grown under different levels of potassium at vegetative, flowering and fruiting stages. 
Mean .68 
ireaunenis 
Ko 
K20 
K40 
K.60 
GW 
1.21 
1.59 
1.94 
1.99 
(a) Chlorophyll content 
Vegetative stage 
50% WW 
1.39 
1.74 
2.01 
1.92 
100%WW 
1.56 
2.07 
1.96 
1.85 
Mean 
1.39 
1.80 
1.97 
1.92 
GW 
1.55 
1.90 
2.05 
2.28 
Flowering stage 
50% WW 
1.70 
1.98 
2.19 
2.21 
100%WW 
1.81 
2.26 
2.32 
1.99 
Mean 
1.69 
2.05 
2.19 
2.16 
1.77 1.86 1.95 2.02 2.10 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Ko 
K20 
K40 
Keo 
1.02 
1.33 
1.47 
1.59 
1.19 
1.47 
1.64 
1.54 
1.36 
1.66 
1.62 
1.50 
1.19 
1.49 
1.58 
1.55 
1.35 1.46 1.54 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Potassium 
Interaction 
0.091 
0.079 
0.153 
0.081 
0.070 
0.137 
0.074 
0.064 
0.125 
Mean 
AVater 
Ko 
K20 
K40 
Kao 
GW 
11.22 
14.36 
15.83 
15.95 
Vegetative stage 
50% WW 
12.36 
14.80 
15.97 
15.63 
(b) Photosynthetic rate 
100%WW Mean 
13.19 
15.93 
15.79 
15.68 
12.25 
15.03 
15.87 
15.75 
GW 
14.18 
15.88 
16.53 
17.41 
Flowering stage 
50% WW 
14.82 
16.37 
17.32 
17.11 
100%WW 
15.40 
17.51 
17.25 
17.02 
Mean 
14.80 
16.59 
17.04 
17.18 
14.34 14.69 15.15 16.00 16.40 16.79 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Ko 
K20 
K40 
K60 
5.16 
7.17 
9.25 
9.44 
5.93 
8.90 
9.01 
9.24 
6.13 
9.49 
9.46 
9.11 
5.74 
8.52 
9.24 
9.26 
7.76 8.27 8.55 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Potassium 
Interaction 
0.397 
0.344 
0.671 
0.470 
0.407 
0.794 
0.420 
0.364 
0.709 
N.B.: Subscript values denote the amount of potassium (K) in kg ha'. A uniform basal dose of nitrogen and 
phosphorus at the rate of 15 and 20 kg ha' respectively was applied one day prior to sowing. 
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-•2 „-K Table 36. Effect of GW, 50%WW and 100%WW on (a) stomatal conductance (mol m"^  s") and 
(b) water use efficiency (WUE) of chickpea (Cicer areitinum L.) grown under different 
levels of potassium at vegetative, flowering and fruiting stages. 
Treatments -
AVater 
Ko 
K20 
K40 
Kfio 
Mean 
Ko 
K.20 
K40 
Mean 
GW 
0.201 
0.235 
0.289 
0.286 
0.253 
GW 
0.113 
0.163 
0.212 
0.238 
0.182 
(a) Stomatal conductance 
Vegetative stage 
50% WW 
0.225 
0.258 
0.281 
0.272 
0.259 
100%WW 
0.238 
0.291 
0.302 
0.264 
0.274 
Fruiting stage 
50% WW 
0.121 
0.173 
0.219 
0.230 
0.186 
100% WW 
0.134 
0.203 
0.233 
0.224 
0.199 
Mean 
0.221 
0.261 
0.291 
0.274 
Mean 
0.123 
0.180 
0.221 
0.231 
GW 
0.249 
0.291 
0.332 
0.348 
0.305 
Water 
Potassium 
Interaction 
Flowering stage 
50% WW 
0.264 
0.312 
0.337 
0.340 
0.313 
100%WW 
0.276 
0.342 
0.358 
0.329 
0.326 
LSD at 5% 
Vegetative Flowering 
stage stage 
0.014 0.015 
0.012 0.013 
0.023 0.025 
Mean 
0.263 
0.315 
0.342 
0.339 
Fruiting 
stage 
0.008 
0.007 
0.014 
Mean 
Treatments -
AVater 
Ko 
K20 
K40 
Kfio 
GW 
0.339 
0.392 
0.427 
0.432 
(b; 
Vegetative stage 
50% WW 
0.362 
0.406 
0.428 
0.430 
100%WW 
0.383 
0.431 
0.434 
0.415 
) Water 
Mean 
0.361 
0.410 
0.430 
0.426 
use efficiency 
GW 
0.469 
0.521 
0.542 
0.558 
Flowering stage 
50% WW 
0.481 
0.530 
0.564 
0.550 
100%WW 
0.495 
0.565 
0.567 
0.546 
Mean 
0.482 
0.539 
0.558 
0.551 
0.398 0.407 0.416 0.523 0.531 0.543 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Ko 
K20 
K40 
K60 
0.204 
0.245 
0.281 
0.279 
0.216 
0.254 
0.277 
0.271 
0.232 
0.283 
0.279 
0.271 
0.217 
0.261 
0.279 
0.274 
0.252 0.255 0.266 
Vegetative Flowering Fruiting 
stage st^e stage 
Water 
Potassium 
Interaction 
0.009 
0.008 
0.016 
0.009 
0.008 
0.016 
0.007 
0.006 
0.011 
N.B.: Subscript values denote the amount of potassium (K) in kg ha" . A uniform basal dose of nitrogen and 
phosphorus at the rate of 15 and 20 leg ha"' respectively was applied one day prior to sowing. 
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Table 37. Effect of GW, 50% WW and 100% WW on (a) transpiration rate (mmol m'^  s') and (b) 
internal CO2 (ppm) of chickpea (Cicer areitinum L.) grown under different levels of 
potassium at vegetative, flowering and fruiting stages. 
Titatiuiiiits -
K.20 
Keo 
Mean 
Ko 
K20 
K40 
K.60 
Mean 
GW 
1.40 
1.91 
2.42 
2.41 
2.04 
GW 
1.95 
2.41 
2.68 
2.74 
2.45 
(a) Transpiration rate 
Vegetative stage 
50% WW 
1.53 
2.01 
2.41 
2.38 
2.08 
100%WW 
1.72 
2.35 
2.37 
2.26 
2.17 
Fruiting stage 
50% WW 
2.09 
2.44 
2.64 
2.61 
2.45 
100% WW 
2.24 
2.73 
2.67 
2.54 
2.54 
Mean 
1.55 
2.09 
2.40 
2.35 
Mean 
2.09 
2.52 
2.66 
2.63 
GW 
3.12 
3.81 
4.25 
4.28 
3.87 
Water 
Potassium 
Interaction 
Flowering stage 
50%WW 
3.37 
4.07 
4.28 
4.22 
3.98 
Vegetative 
stage 
0.089 
0.077 
0.150 
100%WW 
3.59 
4.31 
4.30 
4.21 
4.10 
LSD at 5% 
Flowering 
stage 
0.076 
0.066 
0.129 
Mean 
3.36 
4.06 
4.27 
4.24 
Fruiting 
stage 
0.076 
0.066 
0.129 
Mean 
Treatments 
AVater 
Ko 
K20 
K40 
Keo 
GW 
241.00 
280.67 
318.67 
332.33 
Vegetative stage 
50% WW 
266.00 
312.33 
329.00 
321.00 
100%WW 
276.67 
333.33 
326.67 
317.00 
(b) Internal CO2 
Mean 
261.22 
308.78 
324.78 
323.44 
GW 
335.00 
376.33 
419.00 
420.67 
Flowering stage 
50% WW 
348.33 
412.33 
424.33 
416.67 
100%WW 
364.33 
426.33 
417.67 
410.33 
Mean 
349.22 
405.00 
420.33 
415.89 
293.17 307.08 313.42 387.75 400.42 404.67 
Fruiting stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Ko 
K20 
K40 
Keo 
161.00 
180.67 
211.33 
218.00 
175.67 
196.33 
214.67 
215.33 
181.67 
220.33 
223.00 
204.33 
172.78 
199.11 
216.33 
212.56 
192.75 200.50 207.33 
Vegetative Flowering Fruiting 
stage stage stage 
Water 
Potassium 
Interaction 
6.082 
5.267 
10.265 
7.420 
6.426 
12.523 
7.262 
6.289 
12.257 
N.B.: Subscript values denote the amount of potassium (K) in kg ha''. A uniform basal dose of nitrogen and 
phosphorus at the rate of 15 and 20 kg ha'' respectively was applied one day prior to sowing. 
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combination with either 50%WW or GW. The other photosynthetic parameters also 
followed more or less similar pattern and thus suggesting, possibly the role of nutrients 
present in wastewater in improving these photosynthetic parameters and there by the 
photosynthetic rate of the plants (Tables 35b). 
4.4.12 Seed yield and protein content 
No significant differences in the number of seeds was observed in any of the 
treatments however, the wastewater application significantly affected the number of pods 
per plants and thus more pods were formed in plants receiving wastewater as the source 
of irrigation water and it even increased 100 seed weight and thereby led to increased 
seed yield. Similarly the protein content of the seeds obtained from the plants grown 
under wastewater was also found to be higher. An increase of 14.77%, 5.33%, 9.43% 
and 7.48% in the pods per plant, lOOseed weight, seed yield and protein content was 
recorded in plants receiving 100%WW. Thus this water proved effective in significantly 
increasing the protein content for which this crop is commonly grown making it richer in 
total protein content. 
The potassium doses had a significant affect on all the yield parameters except 
number of seeds per pod. Maximum number of pods per plant was recorded under the 
treatment Keo followed by K40 and K20 and the least being recorded under Ko however, 
the treatments Kgo and K40 gave statistically similar values for 100 seed weight and seed 
yield while the protein content was recorded maximum under Keo- The percent increase 
in the pods per plant, 100 seed weight seed yield and protein content under the treatment 
K60 was noted as 50.35, 22.13,24.85 and 12.95% respectively. 
Among the interactions, however comparatively lower potassium dose in 
combination with wastewater (100%WWxK2o) proved optimum with maximum number 
of pods recorded for this treatment being at par with higher potassium doses in 
combination with viz., GWxKeo, 50%WWxK6o, 50%WWxK4o, 100%WWxK4o. 
Minimum number of pods were recorded for the GWXKQ. However, the 100 seed weight 
was found to be maximally enhanced in seeds obtained from the plants under the 
combination GWxKeo, 100%WWxK4o, lOOWWxKeo which also showed at par values 
and it was followed by 100%WWxK2o. However, due to the greater number of pods 
formed under 100%WWxK2o, it proved optimum and the seed yield was found 
121 
Chapter IV 
Table 38. Effect of GW, 50%WW and 100%WW on (a) seeds per pod, (b) pods per plant, (c) 
100 seed weight (g), (d) seed yield (g plant'") and (e) protein content (%) of chickpea 
(Cicer areitinum L.) grown under different levels of potassium at vegetative, flowering 
and fruiting stages. 
Treatments 
AVater 
Ko 
K.20 
K40 
Keo 
Mean 
Ko 
K.20 
K40 
K60 
Mean 
GW 
1.67 
2.00 
1.33 
1.33 
1.58 
GW 
17.23 
18.35 
21.19 
21.95 
19.68 
(a) Seeds 
50% WW 
1.33 
1.67 
2.00 
1.00 
1.50 
per pod 
100%WW 
1.33 
1.67 
1.67 
1.33 
1.50 
(c) 100 seed weight 
50% WW 
17.83 
19.37 
21.44 
21.33 
19.99 
100%WW 
18.09 
21.47 
21.77 
21.61 
20.73 
Mean 
1.45 
1.78 
1.67 
1.22 
Mean 
17.71 
19.73 
21.46 
21.63 
GW 
15.33 
19.67 
23.33 
29.67 
22.00 
Water 
Potassium 
Interaction 
(b) Pods 
50% WW 
17.67 
21.33 
27.00 
27.33 
23.33 
Seeds per 
pod 
NS 
NS 
NS 
per plant 
100%WW 
22.00 
27.00 
26.33 
25.67 
25.25 
LSD at 5% 
Pods per 
plant 
2.013 
1.743 
3.398 
Mean 
18.33 
22.67 
25.56 
27.56 
100 seed 
weight 
0.272 
0.235 
0.458 
Treatments 
AVater 
Ko 
K20 
K40 
K60 
Mean 
GW 
4.70 
5.57 
6.32 
6.75 
5.83 
(d) Seed yield 
50%WW 100%WW 
5.05 
5.95 
6.46 
6.22 
5.92 
5.59 
6.91 
6.84 
6.17 
6.38 
Mean 
5.11 
6.14 
6.54 
6.38 
GW 
18.15 
19.24 
19.94 
21.80 
19.78 
(e) Protein content 
50% WW 
19.67 
20.59 
20.75 
21.94 
20.74 
100%WW 
20.12 
21.18 
22.04 
21.70 
21.26 
LSD at 5% 
Mean 
19.31 
20.34 
20.91 
21.81 
Seed yield Protein content 
Water 4.70 0.232 
Potassium 5.57 0.201 
Interaction 6.32 0.392 
N.B.; Subscript values denote the amount of potassium (K) in kg ha''. A uniform basal dose of nitrogen and 
phosphorus at the rate of 15 and 20 kg ha"' respectively was applied one day prior to sowing. 
NS- Non significant 
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maximum under this combination being at par with GWxKgo and 100%WWxK4o. An 
increase of 47.02% in the seed yield was recorded under this combination however, the 
seed protein content was found to be maximally enhanced in 100%WWxK4o, 
50%WWxK6o, GWxK6o and 100%WWxK6o and thus 100%WWXK40 proved optimum 
combination which recorded an increase of 21.43% while the combination 
100%WWxK2o followed these treatment and recorded an increase of 16.69% over the 
control GWxKo. Thus in general it may be concluded from this experiment the 
combination 100%WWxK4o proved optimum in enhancing growth and physiological 
parameters and thereby yield also and even the quality determined in terms of protein 
was also improved under this combination. 
4.5 Experiment IV 
In this randomized block design experiment the aim was to test the effect of the 
optimum doses of NPK obtained from Experiments I-III. Only_100%WW and GW were 
considered in this experiment as 100% was better than 50%WW in earlier three 
experiments. Only significant data has been briefly described below. 
4.5.1 Shoot Length 
The wastewater application significantly increased the height of the plants thus 
maximum shoot length was noted in plants under its irrigation recording an increase of 
16.30, 11.43 and 8.67% over control GW at vegetative, flowering and fruiting stages 
respectively (Table 39a). The fertilizer treatments, N30P60K20, N30P60K40 and N30P40K40 
proved equally effective at all the three sampling stages. However the treatment, 
N30P60K.20 recorded an increase of 74.80, 49.83 and 36.72% while an increase under the 
treatment N30P40K40 was 66.76, 48.50 and 32.65% over the control. Among the 
interactions, the combinations 100%WWxNi5P4oK4o, 100%WWxN3oP6oK2o, 
100%WWxN)5P6oK4o, GWx N30P60K40, 100%WWxNi5P6oK2o, were equally effective 
the three sampling stages and thus 100%WWxNi5P4oK4o and 100%WWxNi5P6oK2o 
proved to be the optimum. Former treatment gave an increase of 91.06, 60.17, 43.61 
while under the later, an increase of 80.04, 56.47 and 56.27% over GWXNOPOKQ. The 
shoot length increased throughout the growth period and it was more between vegetative 
to flowering stage. 
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Table 39. Effect of GW and 100%WW on (a) shoot and (b) root length (cm) of chickpea {Cicer areitinum 
L.) grown under different combinations of NPK at vegetative, flowering and fruiting stages. 
Treatments 
/water 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K20 
N30P50K40 
Mean 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
N15P50K40 
N30P40K20 
N30P40K40 
NsoPeoK a^o 
N30P60K40 
Mean 
Treatments 
/Water 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K.20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K20 
N30P60K40 
Mean 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K20 
N30P60K40 
Mean 
GW 
16.33 
19.57 
22.50 
20.63 
25.53 
27.13 
27.80 
29.10 
30.10 
24.30 
GW 
40.20 
45.77 
50.37 
48.13 
51.23 
53.47 
56.20 
56.27 
58.07 
51.08 
GW 
6.67 
8.17 
9.47 
11.43 
11.83 
13.40 
13.67 
12.50 
13.17 
11.14 
GW 
11.90 
12.20 
12.50 
12.73 
13.80 
12.63 
14.27 
13.97 
13.67 
13.07 
Vegetative stage 
100%WW 
18.03 
25.77 
31.20 
29.40 
30.23 
29.87 
29.50 
30.97 
29.40 
28.26 
Fruiting stage 
100% WW 
44.17 
56.73 
57.73 
56.27 
57.97 
56.27 
55.70 
59.07 
55.70 
55.51 
Vegetative stage 
100%WW 
7.93 
10.33 
13.17 
14.57 
12.60 
14.03 
13.13 
14.17 
14.23 
12.69 
Fruiting stage 
100% WW 
12.33 
13.10 
14.33 
14.20 
13.03 
14.83 
14.13 
13.40 
12.17 
13.50 
(a) Shoot length 
Mean 
17.18 
22.67 
26.85 
25.02 
27.88 
28.50 
28.65 
30.03 
29.75 
Mean 
42.18 
51.25 
54.05 
52.20 
54.60 
54.87 
55.95 
57.67 
56.88 
(b) 
Mean 
7.30 
9.25 
11.32 
13.00 
12.22 
13.72 
13.40 
13.33 
13.70 
Mean 
12.12 
12.65 
13.42 
13.47 
13.42 
13.73 
14.20 
13.68 
12.92 
GW 
30.53 
35.10 
41.87 
39.13 
41.07 
43.03 
45.03 
46.87 
51.20 
41.54 
Water 
Treatment 
Interaction 
Root length 
GW 
10.10 
11.53 
12.17 
12.43 
12.83 
13.57 
15.57 
14.23 
14.40 
12.98 
Water 
Treatment 
Interaction 
Flowering stage 
100% WW 
32.97 
43.83 
48.90 
47.77 
50.70 
46.70 
49.27 
48.27 
48.23 
46.29 
LSD at 5% 
Vegetative Flowering 
stage stage 
0.945 
2.005 
2.836 
1.219 
2.586 
3.657 
Flowering stage 
100%WW 
10.40 
13.03 
14.20 
15.30 
13.37 
14.97 
14.53 
14.33 
12.10 
13.58 
LSD at 5% 
Vegetative Flowering 
stage stage 
0.440 
0.934 
1.321 
0.462 
0.980 
1.385 
Mean 
31.75 
39.47 
45.38 
43.45 
45.88 
44.87 
47.15 
47.57 
49.72 
Fruiting 
stage 
0.953 
2.023 
2.860 
Mean 
10.25 
12.28 
13.18 
13.87 
13.10 
14.27 
15.05 
14.28 
13.25 
Fruiting 
stage 
0.789 
1.674 
2.368 
N.B.: Subscript values Aenote the amount of nitrogen (N), phosphorus (P) and potassium (K) in kg ha'' 
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4.5.2 Root Length 
It was significantly enhanced under wastewater irrigation and an increase of 
13.91, 4.62 and 3.29% was recorded under its irriagtion over ground water irrigated 
plants (Table 39b). The fertilizer treatments, N30P40K40, N30P40K20, N30P60K20 were 
similar in their effect at the three sampling stages. Among these doses N30P40K20 proved 
optimum and an increase of 87.95, 39.22 and 13.28% was observed over the control. 
Among the interractions, besides several other combination, 100%WWxNi5P6oK2o, 
GWXN30P40K40 at three sampling stages and at the last two stages the combinations 
GWXN30P60K20 and 100%WWxNi5P4oK4owere at par with the later combinations. Thus 
the combinations, 100%WWxNi5P6oK2o and 100%WWXN15P40K40 could be regarded as 
the optimum combination. 
4.5.3 Fresh mass plant"' 
Wastewater also proved efficacious in increasing it, thus greater fresh mass was 
recorded in the plants under its irrigation (Table 40a). The wastewater irrigated plants 
recorded an increase of 13.77, 5.55 and 5.38% over GW. The treatment, N30P40K40 being 
at par with N30P60K40 besides also being at par with other fertilizer combinations at the 
first two sampling stages proved best while at the last sampling the later treatment 
showed at par value with N30P60K20. The treatment N30P40K40 recorded an increase of 
71.23, 34.70 and 38.00% over NQPOKQ. Among the interactions, the wastewater in 
combination with lower fertilizer dose yielded significant results and there by led to 
increase in fresh mass. The combination 100%WWxNi5P4oK4o proved optimum giving 
values at par with GWXN30P60K40 at all the three samplings. It was also at par with 
GWXN30P40K40 and GWXN30P40K20 besides some other combinations at the later two 
sampling stages. The shoot fresh mass also increased from vegetative to fruiting and the 
increase being more between vegetative to flowering. 
4.5.4 Dry mass per plant 
Like fresh mass here also the waste water proved effective and hence resulted in 
higher dry mass accumulation (Table 40b). The plants under the irrigation of wastewater 
recorded an increase of 22.83, 16.73 and 11.53% over the groimd water irrigated plants. 
The various combinations of NPK also significantly affected this parameter with 
N30P60K40, N30P60K20 and N30P40K40 showing at par values at the first sampling stage 
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Table 40. Effect of GW and 100% WW on plant (a) fresh and (b) dry mass (g) of chickpea (Cicer areitinum 
L.) grown under different combinations of NPK at vegetative, flowering and fruiting stages. 
Mean 11.33 
Treatments 
/Water 
NoPoKo 
N15P40K20 
N15P40K.40 
N15P60K20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K20 
N30P50K.40 
GW 
7.58 
9.61 
10.82 
10.28 
11.25 
12.25 
13.22 
13.12 
13.84 
Vegetative stage 
100%WW 
8.20 
12.61 
13.82 
13.71 
13.57 
14.29 
13.79 
13.23 
12.82 
(a) Plant frest 
Mean 
7.89 
11.11 
12.32 
12.00 
12.41 
13.27 
13.51 
13.17 
13.33 
1 mass 
GW 
11.26 
13.44 
15.02 
15.07 
15.41 
16.43 
16.70 
15.89 
17.01 
Flowering stage 
100%WW 
13.18 
16.33 
17.32 
16.56 
16.11 
15.81 
16.22 
16.19 
16.12 
Mean 
12.22 
14.89 
16.17 
15.81 
15.76 
16.12 
16.46 
16.04 
16.57 
12.89 15.14 15.98 
Fruiting stage LSD at 5% 
NoPoKo 
N15P40K.20 
N15P40K40 
N15P60K.20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K20 
N30P60K40 
GW 
13.36 
16.15 
17.77 
17.54 
18.74 
19.63 
20.13 
19.95 
20.78 
100%WW 
15.06 
19.14 
20.34 
19.70 
20.05 
19.29 
19.09 
20.65 
19.55 
Mean 
14.21 
17.65 
19.05 
18.62 
19.40 
19.46 
19.61 
20.30 
20.17 
Vegetative Flowering 
stage stage 
Water 0.231 
Treatment 0.490 
Interaction 0.693 
0.297 
0.630 
0.892 
Fruiting 
stage 
0.476 
1.009 
1.427 
Mean 18.23 19.21 
(b) Plant dry mass 
Mean 2.19 2.69 
Treatments 
/Water 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K2D 
N15P60K40 
N30P40K.20 
N30P40K40 
N30P60K20 
N30P60K40 
GW 
1.29 
1.56 
1.83 
1.65 
2.29 
2.47 
2.76 
2.81 
3.02 
Vegetative stage 
100%WW 
1.42 
2.52 
3.01 
2.71 
2.81 
2.99 
2.89 
2.98 
2.88 
Mean 
1.36 
2.04 
2.42 
2.18 
2.55 
2.73 
2.83 
2.89 
2.95 
GW 
2.43 
1.57 
2.24 
2.46 
3.08 
2.74 
3.14 
3.23 
3.29 
Flowering stage 
100% WW 
2.56 
2.52 
3.31 
3.19 
3.88 
3.11 
3.51 
3.04 
3.14 
Mean 
2.50 
2.04 
2.77 
2.83 
3.48 
2.93 
3.32 
3.13 
3.22 
2.70 3.14 
Fruiting stage LSD at 5% 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K20 
N30P60K40 
Mean 
GW 
3.28 
3.64 
3.88 
3.77 
4.32 
4.61 
4.72 
4.88 
5.15 
4.25 
100%WW 
3.39 
4.42 
5.13 
5.05 
4.93 
4.85 
4.90 
4.99 
4.97 
4.74 
Mean 
3.34 
4.03 
4.51 
4.41 
4.63 
4.73 
4.81 
4.93 
5.06 
Vegetative Flowering 
stage stage 
Water 0.088 
Treatment 0.187 
Interaction 0.264 
0.252 
0.119 
0.357 
Fruiting 
stage 
0.114 
0.243 
0.343 
N.B.: Subscript values denote the amount of nitrogen (N), phosphorus (P) and potassium (K) in kg ha'' 
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however, at second sampling the treatments, N15P60K40 and N30P40K40 proved equally 
effective however, at the last stage N30P60K40 and N30P60K20 also produced similar 
results. Among the interactions, 100%WWxNi5P6oK2o proved best at the first sampling 
however, at later two sampling stages the combination 100%WWxNi5P4oK4o proved 
good among the various combinations being at par with GWXN30P60K40, GWXN30P60K20 
besides also being at par with some other combinations of higher fertilizer doses in 
combination with either of the two waters. Like plant fresh mass the dry mass also 
increased throughout the growth period. 
4.5.5 Nodulation (Nodule number, nodule fresh mass and dry mass) 
The wastewater significantly affected nodule formation viz., their number and 
hence their fresh and dry mass (Table 41 and 42a). The plants receiving wastewater as 
the source of irrigation water had more nodules with higher fresh and dry mass. The 
fresh and dry mass of the nodules increased by 9.83 and 9.92% at vegetative stage while 
at flowering stage by 5.62 and 7.99% and finally at fruiting an increase of 16.92 and 
13.70% was observed. 
The fertilizer application also significantly affected the nodule formation and 
their development. Maximum number of nodules were recorded under the treatment 
N30P40K40 which was also at par with various other fertilizer ombinations at first and 
second sampling stages however, at last sampling stage it was significantly higher than 
rest of the treatments. The treatment, N30P40K40 recorded an increase of 104.08, 35.94 
and 98.64% over control. Thus indicating the requirement of fertilizer as a starter dose 
even though it was a leguminous crop and capable of fixing atmospheric nitrogen. This 
treatment also proved better for the nodule fresh and dry mass and an increase of 29.48 
and 36.72% was recorded at vegetative stage, while at flowering an increase of 29.19 and 
33.53% was observed and finally at fruiting 53.07 and 34.68%. However, at flowering 
maximum dry mass was recorded under the treatemnt N3oP6oK4o- Among the 
interactions, in the presence of wastewater comparatively lower fertilizer dose viz., 
100%WWxNi5P4oK4o resulted in the formation of optimum number of nodules with 
higher fresh and dry mass compared to the rest of the combinations. This combination 
was at par with GWXN30P60K40 for all these parameters at all the three sampling stages 
besides also being at par with several other combinations of GW and higher fertilizer 
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Table 41. Effect of GW and 100%WW on (a) nodule number and (b) nodule fresh mass (mg plant"') of 
chickpea (Cicer areitinum L.) grown under different combinations of NPK at vegetative, 
flowering and fruiting stages. 
Mean 25.85 
Treatments 
/Water 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K40 
N30P40K20 
N3OP4O''MO 
N30P60K20 
N30P60K4O 
GW 
14.67 
18.67 
26.33 
25.00 
28.33 
28.67 
31.33 
26.67 
33.00 
Vegetative stage 
100% WW 
17.67 
24.67 
33.67 
30.33 
31.33 
33.67 
34.67 
30.33 
28.67 
(a) Nodule number 
Mean 
16.17 
21.67 
30.00 
27.67 
29.83 
31.17 
33.00 
28.50 
30.83 
GW 
28.67 
32.67 
35.33 
32.33 
42.33 
40.67 
47.33 
42.33 
49.67 
Flowering stage 
100%WW 
35.33 
48.33 
47.67 
51.67 
48.33 
42.33 
39.67 
45.33 
41.33 
Mean 
32.00 
40.50 
41.50 
42.00 
45.33 
41.50 
43.50 
43.83 
45.50 
29.44 39.04 44.44 
Fruiting stage LSD at 5% 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K20 
N30P50K40 
GW 
11.33 
14.33 
18.33 
18.67 
19.33 
20.33 
25.33 
23.00 
26.33 
100%WW 
13.67 
23.00 
24.67 
26.33 
25.33 
21.33 
24.33 
19.33 
18.33 
Mean 
12.50 
18.67 
21.50 
22.50 
22.33 
20.83 
24.83 
21.17 
22.33 
Water 
Treatment 
Interaction 
Vegetative Flowering 
stage stage 
1.60 
3.39 
4.79 
2.25 
4.77 
6.75 
Fruiting 
stage 
0.97 
2.05 
2.90 
Mean 19.67 21.81 
(b) Nodule fresh mass 
Mean 
Treatments 
AVater 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K.40 
N30P40K20 
N30P40K40 
N30P60K20 
N30P60K40 
GW 
183.40 
203.57 
220.63 
212.80 
226.07 
246.23 
250.13 
240.27 
267.87 
Vegetative stage 
100%WW 
210.17 
243.60 
256.83 
247.90 
265.93 
261.53 
259.47 
251.70 
255.43 
Mean 
196.78 
223.58 
238.73 
230.35 
246.00 
253.88 
254.80 
245.98 
261.65 
GW 
302.03 
342.60 
362.40 
348.43 
384.40 
390.37 
402.10 
386.47 
409.10 
Flowering stage 
100% WW 
328.53 
371.43 
397.60 
395.43 
402.63 
399.47 
412.53 
407.60 
399.60 
Mean 
315.28 
357.02 
380.00 
371.93 
393.52 
394.92 
407.32 
397.03 
404.35 
227.89 250.29 369.77 390.54 
Fruiting stage LSD at 5% 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K20 
N30P60K40 
Mean 
GW 
119.13 
144.43 
153.70 
152.93 
165.17 
170.07 
177.37 
164.27 
203.73 
161.20 
100%WW 
132.87 
174.77 
202.40 
193.10 
201.37 
204.87 
208.37 
188.17 
190.43 
188.48 
Mean 
126.00 
159.60 
178.05 
173.02 
183.27 
187.47 
192.87 
176.22 
197.08 
Water 
Treatment 
Interaction 
Vegetative 
stage 
5.09 
10.79 
15.26 
Flowering 
stage 
5.64 
11.97 
16.93 
Fruiting 
stage 
4.14 
8.79 
12.43 
N.B.; Subscript values denote the amount of nitrogen (N), phosphorus (P) and potassium (K) in kg ha"'. 
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Table 42. Effect of GW and 100%WW on (a) nodule dry mass (mg plant"') and (b) leghaemoglobln 
content [mmol (g FM)''] of chickpea {Cicer areitinum L.) grown under different combinations 
of NPK at vegetative, flowering and fruiting stages. 
Mean 55.35 
Treatments 
/Water 
NoPoKo " 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K40 
N30P40K.20 
N30P40K40 
N30P60K.20 
N30P60K40 
GW 
41.71 
49.86 
50.40 
52.34 
57.30 
58.59 
60.81 
61.66 
65.47 
Vegetative stage 
100%WW 
50.13 
57.82 
65.17 
62.04 
63.19 
60.39 
64.75 
61.58 
62.50 
(a) Nodule dry mass 
Mean 
45.92 
53.84 
57.79 
57.19 
60.25 
59.49 
62.78 
61.62 
63.98 
GW 
82.11 
89.44 
91.42 
95.14 
101.89 
104.16 
109.93 
107.89 
117.49 
Flowering stage 
100% WW 
85.91 
94.34 
115.85 
112.12 
112.05 
113.95 
114.42 
110.66 
112.06 
Mean 
84.01 
91.89 
103.64 
103.63 
106.97 
109.06 
112.18 
109.27 
114.77 
60.84 99.94 107.93 
Fruiting stage LSD at 5% 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K.20 
N30P60K40 
GW 
18.10 
22.58 
24.91 
26.36 
29.58 
31.63 
34.23 
31.59 
36.65 
100%WW 
20.49 
28.49 
36.73 
33.81 
31.34 
34.57 
35.12 
34.76 
35.32 
Mean 
19.30 
25.53 
30.82 
30.09 
30.46 
33.10 
34.68 
33.18 
35.99 
Water 
Treatment 
Interaction 
Vegetative Flowering 
stage stage 
1.12 
2.37 
3.36 
1.05 
2.22 
3.14 
Fruiting 
stage 
1.01 
2.15 
3.03 
Mean 28.40 32.29 
(b) Leghaemoglobin content 
Mean 36.06 
Treatments 
AVater 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K20 
N30P60K40 
GW 
23.73 
28.35 
31.44 
33.38 
38.67 
39.25 
40.56 
42.71 
46.45 
Vegetative stage 
100% WW 
26.12 
32.57 
45.83 
41.98 
43.36 
45.66 
44.23 
45.24 
43.49 
Mean 
24.93 
30.46 
38.64 
37.68 
41.02 
42.46 
42.40 
43.98 
44.97 
GW 
44.66 
52.44 
58.50 
57.26 
60.60 
63.28 
65.90 
64.97 
67.96 
Flowering stage 
100% WW 
49.29 
56.48 
66.98 
67.60 
65.66 
63.86 
61.51 
62.53 
63.65 
Mean 
46.98 
54.46 
62.74 
62.43 
63.13 
63.57 
63.71 
63.75 
65.81 
40.94 59.51 61.95 
Fruiting stage LSD at 5% 
NOPQKO 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K20 
N30P60K40 
Mean 
GW 
10.16 
13.45 
14.56 
16.76 
18.15 
20.13 
21.07 
22.39 
23.54 
17.80 
100% WW 
11.22 
17.32 
22.37 
17.45 
20.74 
19.21 
22.70 
21.83 
21.96 
19.42 
Mean 
10.69 
15.38 
18.47 
17.11 
19.45 
19.67 
21.88 
22.11 
22.75 
Water 
Treatment 
Interaction 
Vegetative Flowering 
stage stage 
0.71 
1.50 
2.13 
0.56 
1.19 
1.69 
Fruiting 
stage 
0.39 
0.84 
1.18 
N.B.: Subscript values denote the amount of nitrogen (N), phosphorus (P) and potassium (K) in kg ha 
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levels. Thus this optimum combination viz., 100%WWxNi5P4oK4o gave 40.04 and 
56.25% increase in nodule fresh and dry mass at the vegetative stage and at flowering an 
increase of 31.64 and 41.09% and finally at the fruiting 69.90 and 102.93%. Therefore, 
clearly indicating the possible role of the nutrients in ameliorating these important 
parameters and thereby enhancing the nitrogen fixing ability of the crop. Unlike plant 
fresh and dry mass, the nodule number their fresh and dry mass however, increased 
between vegetative to flowering and thereafter declined towards fruiting. 
4.5.6 Leghemoglobin content 
The leghemoglobin content which is responsible for maintaining anaerobic 
condition for the nitrogenase enzyme necessary for the fixation of atmospheric nitrogen 
was higher in the roots of the plants irrigated with wastewater compared to ground water 
(Table 42b). An increase of 13.53, 4.10 and 9.10% was noted over the ground water 
irrigated plants at the three sampling stages respectively. The fertilizer treatment also 
significantly affected the concentration of this important pigment with maximum 
recorded under N30P60K40 though at the first and last sampling was also at par with 
N30P60K20. An increase of 80.39, 40.08 and 112.82% was recorded under the former 
treatment. Among various interactions, the combination of wastewater with 
comparatively lower fertilizer dose viz., 100%WWxNi5P4oK4o proved optimum 
recording an increase of 93.13, 49.98 and 120.18% over GWXNQPOKO. The 
leghemoglobin content also followed similar trend where maximum was observed at 
flowering and thereafter towards the fruiting decline was observed. 
4.5.7 Leaf area per plant' 
Application of wastewater as an irrigation source proved beneficial in enhancing 
the canopy cover of the plants than those receiving the ground water (Table 43 a). Under 
100%WW an increase of 8.89, 7.81 and 4.24% was recorded over those irrigated with 
ground water. Fertilizer treatments also significantly enhanced the leaf area with 
optimum recorded under N30P40K40 which was at par with N30P60K40 at all the sampling 
stages, however at flowering the former treatment was also at par with N30P40K20. The 
treatment, N30P40K40 however, recorded an increase of 55.82, 29.04 and 27.01% over the 
control at the three sampling stages respectively. Among various interactions, the 
combination of wastewater again with a lower fertilizer dose proved superior to the rest 
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Table 43. Effect of GW and 100%WW on (a) leaf are (cm^ plant"') and (b) carbonic anhydrase activity 
[mol CO2 kg"' (leaf fm.)s''] of chickpea (Cicer areitlnum L.) grown under different 
combinations of NPK at vegetative, flowering and fruiting stages. 
Treatments 
/ w ater 
NoPoKo 
N,5P40K20 
N15P40K40 
N15P60K.20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K20 
N30P60K40 
Mean 
NoPoKo 
N15P40K20 
NI5P4OJMO 
N15P60K20 
N15P60K40 
N30P40K.20 
N30P40K40 
N30P60K20 
N30P60IQ0 
Mean 
Treatments 
/Water 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K.20 
N30P60K40 
Mean 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
N15P50K40 
N30P40K20 
N30P40K40 
N30P60K20 
N30P60K40 
Mean 
GW 
285.37 
333.00 
357.37 
377.17 
410.83 
434.73 
447.13 
432.07 
470.93 
394.29 
GW 
318.40 
365.57 
384.70 
370.20 
383.23 
404.43 
422.43 
397.77 
430.20 
386.33 
GW 
1.41 
1.74 
1.82 
1.92 
1.96 
2.00 
2.12 
2.05 
2.18 
1.91 
GW 
1.09 
1.24 
1.35 
1.25 
1.38 
1.38 
1.39 
1.38 
1.44 
1.32 
Vegetative stage 
100% WW 
306.57 
405.13 
406.87 
460.23 
446.83 
456.63 
475.20 
464.57 
442.20 
429.36 
Fruiting stage 
100% WW 
342.47 
396.87 
420.97 
423.30 
407.50 
412.03 
416.93 
393.07 
411.33 
402.72 
(a) Leaf area 
Mean 
295.97 
369.07 
382.12 
418.70 
428.83 
445.68 
461.17 
448.32 
456.57 
Mean 
330.43 
381.22 
402.83 
396.75 
395.37 
408.23 
419.68 
395.42 
420.77 
(b) Carbonic 
Vegetative stage 
100%WW 
1.61 
1.95 
2.11 
2.03 
2.10 
2.09 
2.06 
2.05 
2.06 
2.01 
Fruiting stage 
100% WW 
1.18 
1.33 
1.45 
1.41 
1.39 
1.29 
1.41 
1.33 
1.39 
1.35 
Mean 
1.51 
1.84 
1.97 
1.98 
2.03 
2.04 
2.09 
2.05 
2.12 
Mean 
1.13 
1.29 
1.40 
1.33 
1.39 
1.34 
1.40 
1.35 
1.41 
GW 
499.23 
550.47 
579.67 
563.57 
606.40 
637.50 
650.53 
644.80 
675.33 
600.83 
Water 
Treatment 
Interaction 
Flowering stage 
100% WW 
519.73 
643.47 
678.77 
681.50 
671.10 
682.27 
664.37 
651.27 
637.30 
647.75 
LSD at 5% 
Vegetative Flowering 
stage stage 
6.64 5.48 
14.09 11.62 
19.93 16.43 
anhydrase activity 
GW 
2.76 
2.92 
3.09 
2.98 
3.12 
3.17 
3.29 
3.24 
3.31 
3.10 
Water 
Treatment 
Interaction 
Flowering stage 
100% WW 
2.83 
3.02 
3.28 
3.23 
3.18 
3.22 
3.15 
3.29 
3.23 
3.16 
LSD at 5% 
Vegetative Flowering 
stage stage 
0.028 0.035 
0.060 0.073 
0.085 0.104 
Mean 
509.48 
596.97 
629.22 
622.53 
638.75 
659.88 
657.45 
648.03 
656.32 
; Fruiting 
stage 
6.92 
14.68 
20.77 
Mean 
2.80 
2.97 
3.19 
3.11 
3.15 
3.19 
3.22 
3.27 
3.27 
, Fruiting 
stage 
0.023 
0.049 
0.069 
N.B.: Subscript values denote the amount of nitrogen (N), phosphorus (P) and potassium (K) in kg ha 
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of the combinations. 100%WWxNi5P6oK2o proved superior at the vegetative stage being 
at par with GWXN30P60K40 and GWXN30P40K40 while 100%WW XN15P40K40 proved 
better in the remaining two sampling stages where this too gave statistically similar 
values with GWXN30P60K40. The former treatment thus gave an increase of 35.96 and 
32.21% over GWXNQPOKO. The leaf area also increased from vegetative to flowering and 
thereafter declined towards the fruiting. 
4.5.8 Carbonic anhydrase activity 
Wastewater also proved effective in improving the activity of this enzyme and 
thus the enzymatic activity in the leaves irrigated with wastewater was higher than those 
irrigated with ground water. 100%WW showed 5.24, 1.94 and 2.27% more values than 
in the ground water irrigated plants (Table 43b). The treatment, N30P40K40 and N30P60K40 
proved equaly effective at all the three sampling stages and at second sampling 
N30P60K20 also showed at par values with the later treatment. The treatment N30P40K40 
recorded an increase of 38.41, 15.00 and 23.89% at the three sampling stages. At 
fruiting, N15P40K40 being at par with N30P60K40, N30P40K40 and N15P60K40 also proved 
better. Regarding interactions, 100%WWxNi5P4oK4o, GWXN30P60K40, GWXN30P40K40 at 
all the three sampling stages produced similar results and thus the combination 
100%WWxNi5P4oK4o proved out to be the better combination registering an increase of 
49.65, 18.84 and 27.52% over the control at vegetative, flowering and fruiting stages 
respectively. The carbonic anhydrase activity was found to be maximum at flowering 
and thereafter towards fruiting a decline was observed. 
4.5.9 NR activity 
The NR activity was also significantly affected by the application of wastewater 
with maximum values recorded in plants grown under it (Table 44a). An increase of 
6.09, 7.30 and 8.22% was recorded over the ground water irrigated plants. The fertilizers 
in various proportions also yielded significant results with maximum recorded under 
N30P60K40 at all the three sampling stages recording an increase of 38.58, 39.26 and 
38.31% over the control, however, at first two sampling stages produced similar results 
with N30P40K40 and N30P60K20 while at fruitingN3oP6oK4o produced significantly higher 
values than the rest of the treatments and it was followed by N30P40K40, N30P60K20 and 
N30P40K20 which were at par to each other. Among various interactions the wastewater in 
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Table 44. Effect of GW and 100%WW on (a) nitrate reductase activity [nmol NO2 h'' g'' FM] and (b) leaf 
nitrogen content (%) of chickpea (Cicer areitinum L.) grown under different combinations of 
NPK at vegetative, flowering and fruiting stages. 
Mean 
Treatments 
/water 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K.20 
N30P60K40 
GW 
432.67 
503.00 
523.33 
530.67 
548.00 
588.00 
597.67 
600.67 
619.67 
Vegetative stage 
100% WW 
456.33 
514.33 
603.67 
614.33 
607.67 
600.67 
624.33 
611.00 
612.33 
(a) Nitrate 
Mean 
444.50 
508.67 
563.50 
572.50 
577.83 
594.33 
611.00 
605.83 
616.00 
reductase activity 
GW 
351.33 
396.33 
412.67 
430.67 
441.67 
471.00 
486.00 
492.00 
507.33 
Flowering stage 
100% WW 
367.00 
437.67 
507.00 
499.67 
482.33 
488.33 
504.00 
501.00 
493.00 
Mean 
359.17 
417.00 
459.83 
465.17 
462.00 
479.67 
495.00 
496.50 
500.17 
549.30 582.74 443.22 475.56 
Fruiting stage LSD at 5% 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K.20 
N30P60K40 
GW 
273.67 
319.00 
328.67 
349.67 
341.33 
369.00 
378.33 
381.33 
404.33 
100%WW 
298.00 
361.67 
406.67 
388.00 
381.67 
392.67 
397.33 
391.67 
386.33 
Mean 
285.83 
340.33 
367.67 
368.83 
361.50 
380.83 
387.83 
386.50 
395.33 
Water 
Treatment 
Interaction 
Vegetative Flowering 
stage stage 
4.90 
10.39 
14.70 
4.47 
9.49 
13.42 
Fruiting 
stage 
3.48 
7.39 
10.45 
Mean 349.48 378.22 
(b) Leaf nitrogen content 
Mean 3.46 3.80 
Treatments 
AVater 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K40 
N30P40K.20 
N30P40K40 
N30P60K20 
N30P60K40 
GW 
2.43 
3.03 
3.21 
3.32 
3.41 
3.73 
3.85 
4.03 
4.15 
Vegetative stage 
100% WW 
2.72 
3.54 
4.16 
3.93 
4.02 
4.01 
3.91 
3.96 
3.95 
Mean 
2.58 
3.29 
3.69 
3.62 
3.71 
3.87 
3.88 
4.00 
4.05 
GW 
1.91 
2.44 
2.56 
2.66 
2.73 
2.86 
2.95 
3.05 
3.18 
Flowering stage 
100% WW 
2.17 
2.62 
3.12 
2.85 
3.04 
3.07 
3.03 
3.08 
3.07 
Mean 
2.04 
2.53 
2.84 
2.76 
2.89 
2.96 
2.99 
3.06 
3.12 
2.70 2.89 
Fruiting stage LSD at 5% 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K20 
N30P60K40 
Mean 
GW 
0.97 
1.27 
1.37 
1.47 
1.49 
1.64 
1.70 
1.75 
1.84 
1.50 
100% WW 
1.17 
1.48 
1.77 
1.82 
1.86 
1.80 
1.78 
1.80 
1.75 
1.69 
Mean 
1.07 
1.38 
1.57 
1,64 
1.68 
1.72 
1.74 
1.77 
1.80 
Vegetative 
stage 
Water 0.047 
Treatment 0.100 
Interaction 0.141 
Flowering 
stage 
0.037 
0.079 
0.111 
Fruiting 
stage 
0.022 
0.047 
0.067 
N.B.: Subscript values denote the amount of nitrogen (N), phosphorus (P) and potassium (K) in kg ha ' 
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Table 45. Effect of GW and 100%WW on (a) leaf phosphorus and (b) leaf potassium content (%) of 
chickpea {Cicer areitinum L.) grown under different combinations of NPK at vegetative, 
flowering and fi-uiting stages. 
Treatments 
/Water 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K20 
N3oP6oK-40 
Mean 
NoPoKo 
N15P40K20 
N1SP40K40 
N15P60K20 
N15P60K40 
N30P40K.20 
N30P40K40 
N30P60K20 
N30P60K40 
Mean 
Treatments 
/Water 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K40 
N30P40K.20 
N30P40K40 
N30P60K.20 
N30P60K40 
Mean 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P50K20 
N30P60K40 
Mean 
GW 
0.222 
0.292 
0.310 
0.368 
0.370 
0.382 
0.402 
0.405 
0.410 
0.351 
GW 
0.121 
0.152 
0.174 
0.180 
0.163 
0.188 
0.191 
0.209 
0.209 
0.176 
GW 
3.14 
3.74 
3.94 
4.09 
4.24 
4.11 
4.23 
4.18 
4.39 
4.01 
GW 
1.53 
1.82 
1.99 
2.06 
2.21 
2.10 
2.23 
2.19 
2.21 
2.04 
Vegetative stage 
100%WW 
0.254 
0.313 
0.356 
0.402 
0.408 
0.406 
0.399 
0.415 
0.413 
0.374 
Fruiting stage 
100%WW 
0.132 
0.167 
0.204 
0.201 
0.199 
0.196 
0.202 
0.196 
0.194 
0.188 
Vegetative stage 
100% WW 
3.54 
3.91 
4.34 
4.20 
4.30 
4.22 
4.17 
4.23 
4.25 
4.13 
Fruiting stage 
100% WW 
1.71 
1.93 
2.26 
2.32 
2.31 
2.23 
2.31 
2.15 
2.28 
2.17 
(a) Leaf phosphorus content 
Mean 
0.238 
0.302 
0.333 
0.385 
0.389 
0.394 
0.400 
0.410 
0.411 
Mean 
0.126 
0.160 
0.189 
0.190 
0.181 
0.192 
0.197 
0.203 
0.202 
(b) Leaf 
Mean 
3.34 
3,82 
4.14 
4.14 
4.27 
4.16 
4.20 
4.21 
4.32 
Mean 
1.62 
1.87 
2.13 
2.19 
2.26 
2.17 
2.27 
2.17 
2.25 
GW 
0.201 
0.245 
0.259 
0.278 
0.282 
0.288 
0.294 
0.301 
0.312 
0.273 
Water 
Treatment 
Interaction 
Flowering stage 
100% WW 
0.220 
0.275 
0.305 
0.288 
0.301 
0.310 
0.309 
0.290 
0.303 
0.289 
LSD at 5% 
Vegetative Flowering 
stage stage 
0.003 
0.007 
0.010 
potassium content 
GW 
2.52 
2.85 
2.99 
3.04 
3.15 
3.08 
3.20 
3.16 
3.28 
3.03 
Water 
Treatment 
Interaction 
0.003 
0.006 
0.009 
Flowering stage 
100% WW 
2.68 
2.76 
3.26 
3.21 
3.27 
3.18 
3.31 
3.21 
3.33 
3.13 
LSD at 5% 
Vegetative Flowering 
stage stage 
0.047 
0.099 
0.140 
0.027 
0.057 
0.080 
Mean 
0.211 
0.260 
0.282 
0.283 
0.291 
0.299 
0.302 
0.296 
0.308 
Fruiting 
stage 
0.003 
0.006 
0.008 
Mean 
2.60 
2.81 
3.13 
3.12 
3.21 
3.13 
3.26 
3.19 
3.31 
Fruiting 
stage 
0.024 
0.051 
0.071 
N.B.: Subscript values denote the amount of nitrogen (N)^  phosphorus (P) and potassium (K) in kg ha'. 
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combination with the fertilizer dose of N15P40K40 proved superior to the rest of the 
combinations. At vegetative stage, wastewater in combination with N15P60K20 being at 
par with GWXN30P60K40 proved optimum followed by 100%WWxNi5P4oK4o- This later 
combination proved better at the later two stages where it was at par with GWXN30P60K40 
and recorded an increase of 44.31 and 48.60% over control thus indicating the useful 
effect of wastewater. Unlike rest of the parameters the NR activity declined with growth 
of the plants and thus maximum values were observed at vegetative stage and minimum 
at fruiting. 
4.4.10 Leaf N, P and K contents 
The leaf NPK content showed a considerable increase in wastewater irrigated 
plants (Table 44b and 45). The leaves of the wastewater irrigated plants accumulated 
higher contents of NPK which are involved in the normal growth and development of the 
plants. The percent increase in the NPK content in the wastewater irrigated plants at 
vegetative stage was 9.83, 6.55 and 2.99% while at flowering 7.04, 5.86 and 3.30% was 
recorded and of 12.67, 6.82 and 6.37% was recorded at the last sampling stage. The 
fertilizer treatments also affected the leaf NPK content significantly. N30P60K20 proved 
optimum and in most cases was at par with N30P60K40 for the N and P contents. At 
vegetative stage the former treatment showed an increase of 55.04 and 72.27% in the N 
and P contents over the control and at flowering an increase of 50.00 and 41.70 % was 
observed finally at flowering the percent increase was 65.42 and 61.11% while for the K 
at the vegetative and fruiting the treatment N15P60K40 being at par with N30P60K40 proved 
better and recorded an increase of 27.84 and 39.51% over the control. At the flowering 
stage the treatments N30P40K40 and N30P60K20 may be treated as optimum. 
The interactions of water and fertilizer were also significant. The wastewater in 
combination with a comparatively lower fertilizer dose was sufficient to meet the 
fertilizer requirement of the crop with higher NPK contents recorded under those 
combination invariably at all the three stages for the three elements. For nitrogen content 
the combinafion of 100%WWxNi5P4oK4o proved optimum showing at par relationship 
with GWXN30P60K40 at the first two sampling stages while at the last sampling the 
100%WWxNi5P6oK2o proved best possible combination and was equaled by 
GWxN3oP6oK4o. The maximum phosphorus content was recorded under 
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100%WWxNi5P6oK4o at first sampling recording an increase of 71.19% over control 
while at flowering and fruiting the combination 100%WWxNi5P4oK4o proved better 
giving an increase of 51.74 and 68.60% over NQPOKO. The combination 
100%WWxN|5P4oK4o also significantly increased the K content and proved optimum 
being at par with GWXN30P60K40 at first two samplings besides being at par with various 
other combinations. The percent increase in K content under the optimum treatment was 
recorded as 38.22, 29.37 and 47.71% over GWxNoPoKo. The leaf NPK contents also 
declined from vegetative to fruiting stage. Among these three nutrients maximum, K was 
found to be maximum followed by N and P. 
4.4.11 Chlorophyll content and photosynthetic characters 
Application of waste water resulted in the plants with higher chlorophyll content 
than the GW irrigated plants and an increase of 8.30, 4.62 and 9.91% was observed by 
the former at three sampling stages respectively (Table 46a). Various fertilizer treatments 
also significantly affected the chlorophyll synthesis and hence their content in the leaves. 
At vegetative stage, the treatments N30P60K40 and N30P40K40 and N30P60K20 were at par 
and thus the later two may be optimum while at the second sampling the treatments 
N30P60K20 and N30P60K40 were equally effective and at the last stage N30P60K40 proved 
out to be the best dose recording significantly higher chlorophyll content and was 
followed by N30P40K40 which in turn was at par with N30P60K20 and N30P40K20. Among 
various interactions, the combination 100%WWxNi5P4oK4o proved superior to rest of the 
combinations at all the growth stages under study being at par with 
100%WWxN3oP6oK4o and GWXN30P60K40 besides various other combinations at three 
samplings and recorded an increase of 47.54, 35.37 and 54.31% over GWx NQPOKQ. 
Among various photosynthetic parameters, maximum photosynthetic rate and stomatal 
conductance was recorded in wastewater irrigated plants with an increase of 8.40 and 
9.96% observed at vegetative stage while at flowering an increase of 6.14 and 2.05% and 
at fruiting 6.61 and 12.50% was observed over ground water irrigated plants while the 
rest of the parameters also responded more or less on the similar pattern (Table 46b, 47 
and 48). Various fertilizer treatments also significantly affected nearly all the above 
mentioned parameters with N30P40K40 being at par with N30P60K40 proved optimum at all 
the three sampling stages for PN and gs recording an increase of 76.15 and 
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Table 46. Eflfect of GW and 100%WW on (a) chlorophyll content (mg kg' fresh mass) and (b) 
photosynthetic rate (jimol CO2 m'^  s'') (cm) of chickpea {Cicer areitinum L.) grown under 
different combinations of NPK at vegetative, flowering and fruiting stages. 
Treatments 
/water 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K.20 
N30P60K40 
Mean 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K.20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K20 
N30P60K40 
Mean 
Treatments 
AVater 
NoPoKo 
N15P40K.20 
N15P40K40 
N,5P60K20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K20 
N30P60K40 
Mean 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K20 
N30P60K40 
Mean 
GW 
1.241 
1.449 
1.536 
1.507 
1.634 
1.709 
1.750 
1.782 
1.815 
1.603 
GW 
0.998 
1.211 
1.274 
1.263 
1.302 
1.376 
1.471 
1.414 
1.590 
1.322 
GW 
8.46 
12.17 
13.91 
13.41 
14.31 
15.05 
15.91 
15.21 
15.84 
13.81 
GW 
6.46 
7.16 
7.92 
7.51 
8.30 
8.85 
9.27 
8.83 
9.24 
8.17 
Vegetative stage 
100%WW 
1.374 
1.671 
1.831 
1.789 
1.834 
1.749 
1.833 
1.767 
1.779 
1.736 
Fruiting stage 
100%WW 
1.112 
1.356 
1.540 
1.462 
1.502 
1.540 
1.521 
1.553 
1.494 
1.453 
Vegetative stage 
100% WW 
9.74 
14.04 
16.01 
15.10 
15.59 
15.98 
16.16 
16.02 
16.11 
14.97 
Fruiting stage 
100%WW 
6.93 
8.18 
9.19 
8.61 
9.03 
9.08 
9.23 
8.98 
9.12 
8.71 
(a) Chlorophyll content 
Mean 
1.308 
1.560 
1.684 
1.648 
1.734 
1.729 
1.792 
1.775 
1.797 
Mean 
1.055 
1.283 
1.407 
1.363 
1.402 
1.458 
1.496 
1.484 
1.542 
GW 
1.637 
1.764 
1.820 
1.915 
1.957 
2.085 
2.136 
2.190 
2.233 
1.971 
Water 
Treatment 
Interaction 
(b) Photosynthetic rate 
Mean 
9.10 
13.11 
14.96 
14.25 
14.95 
15.51 
16.03 
15.61 
15.97 
Mean 
6.70 
7.67 
8.55 
8.06 
8.67 
8.96 
9.25 
8.91 
9.18 
GW 
11.50 
12.84 
14.93 
14.52 
14.41 
16.09 
16.94 
16.44 
17.12 
14.98 
Water 
Treatment 
Interaction 
Flowering stage 
100% WW 
1.743 
2.025 
2.216 
1.996 
2.047 
2.154 
2.047 
2.160 
2.167 
2.062 
LSD at 5% 
Vegetative Flowering 
stage stage 
0.017 
0.035 
0.050 
0.032 
0.068 
0.097 
Flowering stage 
100% WW 
11.96 
14.83 
17.22 
15.19 
16.91 
16.22 
17.05 
16.75 
17.01 
15.90 
LSD at 5% 
Vegetative Flowering 
stage stage 
0.074 
0.156 
0.221 
0.056 
0.119 
0.168 
, . A t 
Mean 
1.690 
1.895 
2.018 
1.955 
2.002 
2.119 
2.092 
2.175 
2.200 
Fruiting 
stage 
0.018 
0.038 
0.053 
Mean 
11.73 
13.84 
16.08 
14.86 
15.66 
16.15 
17.00 
16.60 
17.07 
Fruiting 
stage 
0.046 
0.098 
0.139 
€ N.B.; Subscript values denote the amount of nitrogen (N), phosphorus (P) and potassium (K) in kg ha"'.^ . 
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Table 47. Effect of GW and 100%WW on (a) stomatal conductance (mol m'^  s"') and (b) water use 
efficiency (WUE) of chickpea {Cicer areitinum L.) grown under different combinations of NPK 
at vegetative, flowering and fruiting stages. 
Treatments 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K20 
N30P60K40 
Mean 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K.20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K20 
N30P60K40 
Mean 
« 
Treatments 
AVater 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K40 
N30P40K.20 
N30P40K40 
N30P60K20 
N30P60K40 
Mean 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
NisPeoK^o 
N30P40K20 
N30P40K40 
N3oP6oK2a 
J^soPeoKto 
Mean 
GW 
0.220 
0.265 
0.276 
0.256 
0.285 
0.291 
0.312 
0.301 
0.322 
0.281 
GW 
0.102 
0.128 
0.139 
0.152 
0.158 
0.178 
0.195 
0.191 
0.203 
0.160 
GW 
0.202 
0.252 
0.264 
0.270 
0.293 
0.318 
0.340 
0.328 
0.348 
0.291 
GW 
•0.181 
0.242 
0.259 
0.243 
0.255 
0.270 
0.292 
0.274 
0.292 
0.256 
Vegetative stage 
100% WW 
0.238 
0.320 
0.329 
0.324 
0.312 
0.304 
0.321 
0.315 
0.320 
0.309 
Fruiting stage 
100%WW 
0.118 
0.152 
0.194 
0.186 
0.193 
0.187 
0.201 
0.195 
0.194 
0.180 
Vegetative stage 
100%WW 
0.228 
0.291 
0.343 
0.330 
0.322 
0.337 
0.361 
0.352 
0.343 
0.323 
Fruiting stage 
100%WW 
0.222 
0.268 
0.299 
0.290 
0.282 
0.287 
0.302 
0.295 
0.288 
0.281 
(a) Stomatal conductance 
Mean 
0.229 
0.293 
0.302 
0.290 
0.299 
0.298 
0.317 
0.308 
0.321 
Mean 
0.110 
0.140 
0.166 
0.169 
0.176 
0.182 
0.198 
0.193 
0.199 
(b) Water 
Mean 
0.215 
0.272 
0.303 
0.300 
0.308 
0.328 
0.350 
0.340 
0.346 
Mean 
0.201 
0.255 
0.279 
0.266 
0.269 
0.279 
0.297 
0.284 
0.290 
GW 
0.281 
0.303 
0.319 
0.324 
0.349 
0.371 
0.373 
0.367 
0.380 
0.341 
Water 
Treatment 
Interaction 
use efficiency 
GW 
0.306 
0.342 
0.369 
0.346 
0.384 
0.408 
0.436 
0.425 
0.448 
0.385 
Water 
Treatment 
Interaction 
k 
Flowering stage 
100% WW 
0.299 
0.321 
0.373 
0.354 
0.363 
0.333 
0.376 
0.350 
0.363 
0.348 
LSD at 5% 
Vegetative Flowering 
stage stage 
0.003 
0.006 
0.009 
0.004 
0.008 
0.012 
Flowering stage 
100% WW 
0.323 
0.396 
0.440 
0.411 
0.451 
0.441 
0.453 
0.444 
0.434 
0.421 
LSD at 5% 
Vegetative Flowering 
stage stage 
0.004 
0.008 
0.011 
0.004 
0.008 
0.011 
Mean 
0.290 
0.312 
0.346 
0.339 
0.356 
0.352 
0.375 
0.359 
0.372 
Fruiting 
stage 
0.002 
0.005 
0.007 
Mean 
0.315 
0.369 
0.405 
0.379 
0.418 
0.424 
0.444 
0.435 
0.441 
Fruiting 
stage 
0.003 
0.005 
0.008 
N.B.: Subscript values denote the amount of nitrogen (N), pliosphorus (P) and potassium (K) in leg ha 
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Table 48. Effect of GW and 100%WW on (a) transpiration rate (mmol m"^  s'') and (b) internal CO2 (ppm) 
of chickpea (Cicer areitinum L.) grown under different combinations of NPK at vegetative, 
flowering and fruiting stages. 
Mean 1.454 
Treatments 
/ w ater 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K40 
N30P40K20 
N3oP4o'*MO 
N30P60K.20 
N30P60K.40 
GW 
1.032 
1.261 
1.354 
1.270 
1.494 
1.510 
1.748 
1.676 
1.742 
Vegetative stage 
100%WW 
1.174 
1.382 
1.689 
1.619 
1.645 
1.699 
1.761 
1.718 
1.763 
(a) Transpiration rate 
Mean 
1.103 
1.322 
1.521 
1.445 
1.570 
1.605 
1.755 
1.697 
1.753 
GW 
2.541 
3.030 
3.226 
3.233 
3.349 
3.568 
3.709 
3.716 
3.860 
Flowering stage 
100% WW 
2.759 
3.122 
3.798 
3.525 
3.637 
3.616 
3.658 
3.782 
3.774 
Mean 
2.650 
3.076 
3.512 
3.379 
3.493 
3.592 
3.684 
3.749 
3.817 
1.606 3.359 3.519 
Fruiting stage LSD at 5% 
NoPoKo 
N15P40K20 
N)5P4oK4o 
NI5P60K20 
N15P60K40 
N30P40K.20 
N30P40K40 
N30P60K20 
N30P60K40 
GW 
1.015 
1.223 
1.281 
1.265 
1.347 
1.387 
1.412 
1.426 
1.513 
100%WW 
1.115 
1.361 
1.456 
1.374 
1.427 
1.428 
1.406 
1.468 
1.467 
Mean 
1,065 
1.292 
1.368 
1.320 
1.387 
1.407 
1.409 
1.447 
1.490 
Water 
Treatment 
Interaction 
Vegetative 
stage 
0.026 
0.055 
0.078 
Flowering 
stage 
0.044 
0.093 
0.132 
Fruiting 
stage 
0.017 
0.037 
0.052 
Mean 1.319 1.389 
(b) Internal CO2 
Mean 256.39 
Treatments 
AVater 
NoPoKo 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K40 
N30P40K.20 
N30P40K40 
N30P60K20 
N30P60K40 
GW 
188.43 
223.46 
242.21 
232.90 
258.27 
274.28 
290.69 
285.40 
311.89 
Vegetative stage 
100% WW 
209.95 
265.78 
307.31 
290.09 
295.40 
303.77 
306.32 
316.49 
304.03 
Mean 
199.19 
244.62 
274.76 
261.49 
276.84 
289.03 
298.51 
300.95 
307.96 
GW 
282.78 
311.13 
319.33 
313.78 
326.82 
340.22 
359.16 
349.85 
361.60 
Flowering stage 
100% WW 
298.35 
332.16 
367.56 
350.65 
351.61 
363.56 
362.65 
342.31 
355.08 
Mean 
290,56 
321.65 
343.45 
332.21 
339.22 
351.89 
360.91 
346.08 
358.34 
288.79 329.41 347.10 
Fruiting stage LSD at 5% 
NOPQKO 
N15P40K20 
N15P40K40 
N15P60K20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K20 
N3oP6ol*MO 
Mean 
GW 
101.36 
133.67 
146.62 
144.86 
156.43 
173.07 
184.56 
172.86 
186.67 
155.57 
100%WW 
117.67 
142.59 
183.54 
161.94 
167.47 
179.30 
186.24 
164.96 
180.23 
164.88 
Mean 
109.52 
138.13 
165.08 
153.40 
161.95 
176.18 
185.40 
168.91 
183.45 
Water 
Treatment 
Interaction 
Vegetative 
stage 
4.00 
8.49 
12.01 
Flowering 
stage 
3.50 
7.43 
10.51 
Fruiting 
stage 
2.05 
4.35 
6.15 
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38.42% at vegetative stage and at flowering an increase of 44.93 and 29.31% and 
finally at last sampling an increase of 38.06 and 80.00% was recorded in the 
photosynthetic rate and stomatal conductance respectively. The interactions also yielded 
significant results and in general the combination 100%WWxNi5P4oK4o proved to be 
optimum for both and also for transpiration rate, water use efficiency and internal CO2. 
This combination produced similar values with some of other combinations of GW along 
with comparatively higher doses of NPK. Thus suggesting the possibility of the role 
played by the nutrients present in wastewater in ameliorating various growth and 
photosynthetic parameters and there by substituting not only the water but also the 
nutrients and thus proving cost effective method of wastewater disposal. 
4.4.12 Seed yield and protein content 
No significant differences in the number of seeds per pod were observed in any 
of the treatments however, the wastewater application significantly affected pods 
formation and thus more pods were found in plants receiving wastewater (Table 49). 100 
seed weight was also increased and thereby led to increased seed yield. The quality 
attribute of this crop, the protein content, in the seeds was not lowered even after the 
increase in seed yield and thus had greater requirement of the nutrients and an increase 
over GW irrigated plants was observed An increase of 9.28, 3.18%, 9.63% and 1.42% in 
the pods per plant, lOOseed weight, seed yield and protein content was recorded in plants 
receiving 100% WW. 
The fertilizer combinations significantly affected the yield parameters also except 
number of seeds per pod. Maximum number of pods per plant and 100 seed weight was 
recorded under the treatment N30P60K40 followed by N30P60K20 and maximum seed yield 
was also recorded under the treatment N30P60K40. Though this later treatment was also 
better for the protein content but it was also at par with N30P40K40, N30P40K20, N15P60K20, 
N15P60K40. An increase of 62.41, 21.03,44.72 and 24.00% in the pods per plant, 100 seed 
weight, seed yield and protein content was recorded under the treatment N30P60K40. 
Among the interactions, 100%WW in combination with fertilizer dose of 
N15P40K40 proved the optimum except for seeds per pod. This combination produced 
similar values with 100%oWWxNi5P6oK2o and the former gave an increase of 63.67, 
24.13, 49.26 and 26.70 in the pods per plant, 100 seed weight, seed yield and protein 
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Table 49. Effect of GW and 100%WW on (a) seeds per pod, (b) pods per plant, (c) 100 seed weight (g), (d) 
seed yield (g plant"') and (e) protein content (%) of chickpea {Cicer areitinum L.) grown under 
different combinations of NPK at vegetative, flowering and fruiting stages. 
Treatments 
AVater 
NoPoKo 
Ni5P40K20 
N)5P4oK.40 
N15P60K20 
N15P60K40 
N30P40K2O 
N3oP4oK,40 
N30P60K20 
N30P60K4O 
Mean 
NoPoKo 
N15P40K20 
N15P40K40 
N.sPeoKzo 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K20 
N30P60K40 
Mean 
Treatments 
/Water 
NoPoKo 
N,5P40K20 
N15P40K40 
N,5P60K:20 
N15P60K40 
N30P40K20 
N30P40K40 
N30P60K20 
N30P60K40 
Mean 
GW 
1.33 
2.00 
2.00 
1.66 
1.33 
2.00 
1.66 
1.33 
1.66 
1.66 
GW 
18.03 
20.61 
20.96 
20.56 
21.60 
21.51 
21.95 
22.06 
22.52 
21.09 
GW 
5.42 
6.11 
6.45 
6.87 
7.10 
7.27 
7.51 
7.77 
8.17 
6.96 
(a) Seeds per pod 
100% WW 
1.66 
2.00 
2.00 
1.66 
2.00 
2.00 
2.00 
1.66 
1.33 
1.81 
(c) 100 seed weight 
100% WW 
19.16 
20.77 
22.38 
22.33 
22.17 
21.64 
22.48 
22.40 
22.47 
21.76 
(d) Seed yield 
100%WW 
5.93 
6.81 
8.09 
7.94 
7.86 
7.72 
7.96 
8.09 
8.26 
7.63 
Mean 
1.49 
2.00 
2.00 
1.66 
1.66 
2.00 
1.83 
1.49 
1.49 
Mean 
18.59 
20.69 
21.67 
21.45 
21.89 
21.58 
22.21 
22.23 
22.50 
Mean 
5.68 
6.46 
7.27 
7.41 
7.48 
7.49 
7.73 
7.93 
8.22 
GW 
18.33 
21.33 
22.33 
26.33 
28.00 
26.67 
27.67 
30.33 
32.67 
25.96 
Water 
Treatment 
Interaction 
GW 
18.24 
20.47 
21.45 
22.44 
22.67 
22.86 
23.13 
22.74 
23.07 
21.90 
Water 
Treatment 
Interaction 
(b) Pods per plant 
100% WW 
20.67 
25.00 
30.00 
31.33 
28.67 
30.00 
29.33 
29.67 
30.67 
28.37 
LSD at 5% 
Seeds per Pods per 
pod plant 
NS 0.912 
NS 1.935 
NS 2.736 
(e) Protein content 
100% WW 
19.23 
22.38 
23.11 
23.13 
22.62 
22.42 
22.45 
22.14 
22.42 
22.21 
LSD at 5% 
Mean 
19.50 
23.17 
26.17 
28.83 
28.33 
28.33 
28.50 
30.00 
31.67 
1 
100 seed 
weight 
0.250 
0.530 
0.750 
Mean 
18.73 
21.43 
22.28 
22.79 
22.65 
22.64 
22.79 
22.44 
22.74 
1 
Seed yield Protein content 
0.131 
0.277 
0.392 
0.159 
0.337 
0.476 
N.B.: Subscript values denote the amount of nitrogen (N), phosphorus (P) and potassium (K) in kg ha 
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content over the control. Thus it may be concluded that 100%WW with N15P40K40 or 
N15P60K20 increased the yield and quality characteristics and thus wastewater could not 
only effectively substitute the water but may also supplement some nutrients required by 
the crop. Therefore these two later treatments may be opted while growing chickpea 
under urban wastewater irrigation. 
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CHAPTER V. DISCUSSION 
The critical appraisal of the results described in Chapter IV clearly indicated 
the better performance of the crop chickpea receiving wastewater as a source of 
irrigation and also showed the possible beneficial role of the nutrients present in it. 
Comparatively higher salt contents in the wastewater may be a cause of concern 
(Chapter II) however, if properly utilized by irrigation management it can lower the 
fertilizer consumption thereby lessening the degradation of water and soil. 
5.1 Nutrients present in the wastewater and their role (Experiments I-IV) 
The wastewater contained considerable amount of nutrients which are 
considered essential for maintaining the soil fertility as well as for enhancing the plant 
growth and productivity. Among them, nitrogen for example, the single most 
important element limiting plant growth and invariably required in large quantities 
was present in both ionic forms (Table 3) and thus deserves special consideration. As 
vegetative growth includes formation of new leaves, stems and roots, the involvement 
of N through protein metabolism controls them. This was also clearly indicated by the 
observed enhanced growth (Table 6, 7, 10a, 17, 18, 21a, 28, 29, 32a, 39, 40 and 43a) 
and N content in the leaves (Table l ib, 22b, 33b and 44b) under the wastewater 
irrigation. Suitability of NH4^ or NO3" for the growth and development of plants 
depends upon many factors (Kirkby, 1981). However, normally the highest growth 
rate and plant yield are obtained by combined supply of both and therefore, in the 
present study, the improvement in growth could be due to the cumulative effect of 
ammonium as well as nitrate ions together. It may also be pointed out that the form of 
nitrogen plays a key role in the cation-anion relationship in plants as about 70% of 
cations and anions taken up are represented by either NH4* or NO3' (Vanlauwe et al, 
2002). Thus, in principle, N H / fed plants are characterized by high cation-anion 
uptake ratio and in contrast, NO3" fed plants by a high anion-cation uptake ratio. This 
may explain that the optimal growth for most plant species is usually obtained with 
mixed supply of NH4 and NO3'. It is noteworthy that applied NH4 -N is toxic for 
some higher plants including bean and pea (Maynard and Barker, 1969). However, in 
presence of NOs'-N, it has been reported to benefit sunflower (Weissman, 1964) and 
wheat (Cox and Reisenavar, 1973). Thus the observed nutritional superiority of the 
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wastewater (containing both ammonium-N and nitrate-N) for growth of chickpea was 
not exceptional and possibly explains the reason of better performance of the crop 
grown under the wastewater irrigation (Experiments I- IV). A substantial increase in 
dry matter of the test plants in all the four experiments was also observed (Table 7b, 
18b, 29b and 40b) because of the increased leaf area and expansion (Table 10a, 21a, 
32a and 43a) which might have influenced the light absorption within a plant causing 
stimulation of PN (Table 13b, 24b, 35b and 46b), thereby optimizing the CO2 
assimilation and photosynthetic production. The increase in the leaf area brought 
about by N supply causing the expansion of the individual leaves was also reported by 
Taylor et al. (1993) and Gastal and Lemaire (2002) which may be through its effect 
on cell division and cell expansion (Lemaire, 2001). Similarly increased N supply has 
also been found to enhance the activities of CA and RuBP carboxylase as reported by 
Terashima and Evans (1988) and the stimulation in the activity of CA as observed in 
the present study (Table 10b, 21b, 32b and 43b). 
Another essential nutrient, P when supplied in limiting amounts to sugarbeet, 
it has much greater impact on growth than on photosynthesis (Rao et al, 1986; 1987a, 
b; Rao and Terry, 1989). During the present study (Experiments I-IV), better growth 
of plants was observed receiving wastewater having 1.26, 1.13 and 1.59 mg P/1 (Table 
3) in addition to other nutrients, and it was also comparatively richer than the ground 
water. The observation of the improved performance of the crop receiving the 
wastewater was therefore, understandable. Although it further needs emphasis that 
application of phosphorus has its limitations as P applied to the soil is very rapidly 
changed to less soluble form and therefore, becomes less and less available with time. 
Admittedly in short season crops, like some vegetables, growth responses to applied P 
may persist up to harvest. On the contrary, comparatively long season crops, like com 
and chickpea, may show only slow growth responses and much lesser effect at seed 
formation and maturity. Therefore, regular supply of the wastewater as explained in 
Chapter II up to close to harvest could have ensured its availability and thus might 
have improved the growth and development which ultimately led to higher seed 
productivity (Table 16, 27, 38 and 49). 
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Next to nitrogen and phosphorus, potassium is the third important macro 
nutrient required in the largest amount by the plants. Its requirement for optimal plant 
growth is in the range of 2-5% of the plant dry weight of the vegetative parts and in 
the present study it varied from 3.44 to 4.41% (Table 12b, 23b, 34b and 45b). It is 
known to play a significant role in stomatal opening and closing (Fisher and Hsiao, 
1968) and under light conditions the guard cells produce abundant ATP in 
photosynthetic phosphorylation, thus supporting the active K^ uptake with sufficient 
energy (Humble and Hsiao, 1970) and the resulting high turgor pressure thus causes 
the opening of the stomata. The diffusion of CO2 into the stomata is followed by its 
transport into the chloroplasts where it is reduced by ribulose-l,5-biphosphate 
carboxylase/oxygenase (RuBPCO). It is this supply of CO2 which catalyses reversible 
dehydration of HCO3' to CO2 in close proximity to the CO2 fixing enzyme. The 
functioning of this entire mechanism is likely to be improved by enhancement of the 
activity of both CA which was also observed in this study (Table 10b, 21b, 32b and 
43b) and RuBPCO studied elsewhere. It is also well known that N is fully utilized for 
crop production only when K is adequate (Mengel and Kirkby, 1982) and the 
presence of K in wastewater was nearly double the amount present in the ground 
water (Table 3) and therefore, the crop imder study was benefitted not only due its 
own physiological role (Wolfe/ al, 1976) but also by enhancing the effect of N. This 
was also strengthened by the presence of higher N and K contents in the leaves of the 
plants receiving the wastewater (Table 1 lb, 12b, 22b, 23b, 33b, 34b, 44b and 45b). 
In addition to these three major macronutrients explained above, presence of 
other essential nutrient like sulphur could have also played a vital role in plant 
metabolism as its deficiency is common (Murphy and Boggan, 1988). It may be 
pointed out that the application of nitrogen in the form of urea is ineffective unless 
sulphur is applied simultaneously and its deficiency reduces the leaf area (Wang et 
al, 1976) besides decreasing the chlorophyll contents (Dietz, 1989). In legumes 
during early development of sulphur deficiency, nitrogenase activity in root nodules is 
much more depressed than photosynthesis (DeBoer and Duke, 1982). Moreover in 
sulphur deficient plants not only the protein content decreases but also the sulphur 
content in the proteins indicating that the proteins with lower proportions of 
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methionine and cysteine but higher proportion of other amino acids such as arginine 
and aspartate are synthesized. This decrease in the sulphur rich proteins is not 
confined to wheat grains but can also be found in other cereals and legumes (Randall 
and Wrigley, 1986) and the lower sulphur content of the proteins influences the 
nutritional quality considerably (Arora and Luchra, 1970). Although in the present 
study, quality of the protein was not worked out but the total protein was significantly 
enhanced in the wastewater fed plants (Table 16, 27, 38 and 49). Similarly, the 
presence of Ca^^ and Mg^^ (Table 3) could have further added the benefits as Ca^^ 
being an essential component of cell wall is involved in the cell division (Schmit., 
1981) while Mg is a central atom of chlorophyll and is required for structural 
integrity of chloroplast (Moorby and Besford, 1983) on which the rate of 
photosynthesis is directly dependent and thus rate of photosynthesis is lower in Mg 
deficient plants (Forster, 1980). It may be pointed out that the chlorophyll contents 
and the photosynthetic rate was enhanced in plants grown under wastewater (Table 
13, 24, 35 and 46) indicating the possible involvement of Mg^* in addition to other 
nutrients. Similarly, the presence of CI', one of the essential micronutrients, could 
have played an important role in stomatal regulation and its impairment in palm trees 
was considered to be the major factor responsible for growth depression (Braconnier 
and d'Auzak, 1990) and reduction in the leaf surface area and there by the plant dry 
weight. Although Na^ is not essential and has been placed in the category of 
beneficial elements for plants but its presence (Table 3) may be responsible for 
growth stimulation which is caused mainly by its effect on cell expansion and also on 
water balance of plants. It can replace K* in its contribution to solute potential in 
vacuoles and consequently in generation of turgor and cell expansion. It may also 
surpass potassium in this respect since it accumulates preferentially in vacuoles 
(Nunes et al, 1984). The observed enhanced grovrth and photosynthetic capacity 
ultimately led to increase in 100 seed weight (Table 16c, 27c, 38c and 49c) because of 
the ensured supply and availability of above mentioned nutrients might have played a 
cumulative role in enhancing the metabolic activities and finally the seed yield (Table 
16d, 27d, 38d and 49d) and protein (Table 16e, 27e, 38e and 49e). 
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It is also important to point out here that the characteristics of wastewater used 
for irrigation varied with and among the years of this study. In general, it was alkaline 
with basic pH ranging from 7.8 to 8.3. The average EC, pH, TDS and the observed 
nutrients including some heavy metals also were within the permissible limits of FAO 
guidelines for irrigation water quality except for K^ (Ayers and Wescot, 1994). The 
major effect of EC and TDS on crop productivity is the inability of the plants to 
compete with ions present in the soil for water while the chloride content of 114.23mg 
r ' was also comparatively low and may not cause toxicity problems. When nutrients 
are added through effluents and they are either equal or less than the demand of the 
crop, the build up in the soil is normally minimal. There are reports where it has been 
shown that the continuous use of effluents may result in the accumulation of nitrate in 
the soil (Vazquez-Montial et al, 1996) and is subject to move to down layers 
(Cameron et al, 1995) which may ultimately result in the contamination of ground 
water. Similarly NPK fertilizers added at the rate higher than the rate of crop removal 
accumulate in the soil therefore, a balance between the wastewater and fertilizer dose 
has to be identified. Although in various studies, dilution has been described as an 
effective means to minimize the toxicity (Chapter II) and under current experimental 
conditions since the source of irrigation was the urban sewage wastewater which was 
sufficiently diluted automatically due to the mixing of the household wastewater to an 
extent that when analyzed for various physicochemical characteristics was found 
suitable for irrigation and no further dilution was required. 
Therefore, among the three water treatments, it may be pointed out that 
100%WW proved more effective (Experiments I-IV) and even 50%WW was better 
than ground water (Table I) probably because of the higher nutrient content than GW. 
However, the wastewater together with comparatively higher doses of NPK fertilizers, 
as pointed out earlier in Chapter IV, significantly decreased the yield while the lower 
doses in combination with it promoted the crop growth as well as the seed yield. Thus 
nutrient management through the wastewater and fertilizers yielded better results in 
terms of productivity and at the same time excessive use of fertilizers can be 
minimized. 
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Besides the nutrient content of the wastewater, the presence of some heavy 
metals can be a cause of concern indicating the possibility of their accumulation in 
plants (Table 4a). Although these concentrations remained well within the limits 
permissible (Pendias and Pendias, 1984) but regular monitoring must be mantained 
for safe use of wastewater in crop cultivation as the continuous application may lead 
to their buildup (Aziz et al, 1993ab, 1994, 1999). In addition to this, the microbial 
examination of wastewater revealed the presence of some pathogenic and non 
pathogenic bacteria which can be a cause of concern however, in our case since the 
crop is not eaten raw therefore, the chances of harm are comparatively negligible to 
consumers although the growers must be warned to take precautions while applying 
the wastewater to their crops in the fields. 
5.2 Nitrogenous fertilizer (Experiment I) 
Plant growth is the expression of interplay between meristematic activities and 
metabolic processes leading to an increase in biomass (Moorby and Besford, 1983). In 
addition to its role in cell division and expansion (Gardner et al., 1985), nitrogen is 
also essential for a number of biologically important molecules. Therefore, the 
requirement for N (and the other essential nutrients) during the vegetative growth is 
determined primarily by the rate of CO2 assimilation and if it is high, the required 
nutrients must be correspondingly at their optimums. 
Data pertaining to growth such as plant height (Table 6a), plant fresh and dry 
matter accumulation (Table 7), leaf area (Table 10a), dry mass of nodules (Table 9a) 
have shown a positive trend with increase in N dose up to 30 kg ha''. Thus growth and 
yield parameters were significantly enhanced by this dose which was also optimum 
for leaf area, NRA, chlorophyll content (Table 10a, 11a and 13a) and the 
photosynthetic rate (Table 13b) which finally led to more pods and the heavier seeds 
(Table 16). Nitrogen up to 30 kg ha"' was also suggested by Sharma et al, 1989 for 
chickpea. On the contrary, application of 45 kg ha'' resulted in decreased growth and 
seed yield therefore, proved toxic. It may be pointed out that toxicity due to N, when 
applied in excess in the form of urea is known to appear at two stages of plant growth. 
The first at seedling stage, due to accumulation of NH4"^  after hydrolysis of urea and 
the second may be due to accumulation of NO2 under certain conditions damaging the 
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young plants (Court et ah, 1964). In case of legumes due to Rhizobial activities and 
biological nitrogen fixation, host plants grow well in soil even with low N doses and 
no benefit from this association may occur if high levels of fertilizer N are given 
(Ozanne, 1980). It is noteworthy to mention here that when interactions with 
wastewater were observed still lower nitrogen dose (N15) proved optimum. It was not 
surprising as the wastewater had sufficient N in the form of NH4^ and NO3" ions as 
also discussed earlier (Table 3) and the crop tested was nitrogen fixing one. In 
addition some nitrogen was also available from the soil as well (Table 5). It may also 
be pointed out that N15 in combination with wastewater (100%WWxNi5) was at par 
with N30 when given with ground water (GWXN30) thus N15 when given with 
wastewater proved economically and environmentally viable dose however, the same 
dose with GW was inadequate where almost all the growth, physiological and yield 
parametrs registered lower values. 
Nitrogen at lower rate in combination with wastewater (100%WWxNi5) also 
stimulated nodulation while the higher rate (45 kg ha"') proved excessive under both 
waters and the effect was more adverse under the wastewater (Table 8 and 9a). These 
reports are in tune with the findings of Harper and Gibson (1984); Becana and Sprent 
(1987) and Macduff et al. (1996), where high levels of nitrate in soils impaired 
nodulation and depressed N2 fixation. It has been established that nodulation and Nj 
fixation activity in both legumes and actinorhizal plants are strongly inhibited by high 
levels of N (Streeter, 1988). As the symbiotic N2 fixation is an adaptive mechanism, 
excess of the combined nitrogen in the rooting medium not only inhibits new nodule 
formation, but also limits the fiinctional span of the already existing nodules. It may 
be pointed out that nodules function under a paradoxical situation. In order to fix 
nitrogen, bacteroids inside the nodules must be supplied with oxygen at a sufficiently 
faster rate to meet their respiratory requirement for efficient ATP production, but at 
the same time, level of free oxygen inside the nodule must be kept low to protect the 
enzyme 'nitrogense' which is highly oxygen labile. It needs fiirther emphasis that 
leghemoglobin content facilitates oxygen diffusion inside dense nodular tissues 
maintaining a constant supply at low tensions of free oxygen. In the present study the 
leghemoglobin content was also significantly decreased under the influence of higher 
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nitrogen dose especially in combination with the wastewater (Table 9b) thereby 
affecting nodule function. The inhibitory effect of exogenous nitrate on N2 fixation 
has variously been attributed to a direct competition between nitrate reductase and 
nitrogenase for reducing power (Stephens and Neyra, 1983; Vassileva and Ignatov, 
1996) or to the fact that nitrite a by product of NR inhibits the function of 
leghemoglobin (Becana and Sprent, 1987) and in our experiment a significant 
reduction in the later was observed with the higher nitrogen rate (N45) while the 
maximum was observed under the lower nitrogen rate (N15) and wastewater (Table 
11a). There were reports where chickpeas were found capable of fixing all the N they 
need (Mahler et al, 1988) while others have also reported that the crop does not fix 
adequate N for maximum growth even when vigorous nodules are present (Beck et 
al, 1991). Therefore, the supply of optimum N was essential as it can serve as a 
starter dose. 
Due to the availability of photosynthetic reductant, leaf mesophyll cells are the 
main sites of nitrate reduction. This is initiated by NAD/NADP dependent NR 
enzyme, which catalyses the reduction of nitrate to nitrite in cytosol. Nitrite is then 
transported to chloroplast, where it is further reduced into ammonium ions. Being the 
first irreversible and often rate determining step of the N assimilatory pathway, nitrate 
reduction has been a favorite step for physiological approach to optimize N fertilizer 
use. Nitrate reductase levels have been shown to fluctuate in response to changes in 
environmental conditions, including availability of N (Afridi and Hewitt, 1964; 
Beevers and Hageman, 1972). Enzymes are therefore, sensitive to nutrient levels as 
indicated in the present study where NR activity was decreased with comparatively 
higher N dose (Table 11a) and improved under the optimum dose. Similar 
observations were made in trifoliate leaves of Phaseolus lunatus at different canopy 
positions by Wallace (1986) and Andrews et al.{\99Qi). 
There are numerous studies suggesting that photosynthetic capacities of higher 
plants change dramatically in response to different N supply (Sims et al, 1998; 
Bondada and Syvertsen, 2003; Marchese et al, 2005) as may be observed in this 
study (Table 13b, 14 and 15). The stimulation of plant photosynthesis due to N may 
have positive effect on plant growth (Table 6, 7 and 10a). It may be pointed out that 
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about 70% of N in plant leaves exists in chloroplast and most of it is used to 
synthesize photosynthetic apparatus. Thus its supply is extremely important for the 
performance of photosynthetic apparatus (Ruber et al, 1989; Uprety and Mahalaxmi, 
2000). During this experiment also, best photosynthetic activity with maximum PN, gs 
and WUE was recorded either under N30 alone or N15 with 100%WW (Table 13b, 14 
and 15). Similarly, total dry matter (Table 7b) was increased as a result of increased 
leaf area (Table 1 Oa) which provided larger area for the interception of solar radiation 
and thus higher photosynthetic rate (Table 13b) thereby giving more pods plant'', 
higher seed weight and seed yield compared to control (Table 16 and Fig. 3a). The 
linear regression obtained between leaf area and photosynthetic rate further buttresses 
this view (Fig. 2). More importantly protein content was also increased with 15kg N 
ha'' plus wastewater (Table 16, 27, 38 and 49). Therefore it can be argued that the 
integrated nutrient management through (i) regular supply of N present in wastewater, 
(ii) inherent N2 fixation capability of the crop, (iii) optimum nitrogen dose and (iv) 
available N of soil (Table 5) might together have proved beneficial for higher 
productivity and protein content which was aptly demonstrated in Table 50 wherein 
an increase in NPK contents and NR activity in leaves were positively correlated with 
protein content. 
5.3 Phosphatic fertilizer (Experiment II) 
It is also indispensible for plant growth and development and its deficiency 
retards plant growth, cell and leaf expansion (Marschner, 1986). It has many roles in 
cell division, stimulation of early root growth, hastening plant maturity and fruiting 
and seed production. 
Application of P thus promoted growth and the effect was significant nearly at 
all sampling stages being more pronounced when given with wastewater. Phosphorus 
at 40 kg ha'' proving optimum for shoot and root length (Table 17) and plant fresh 
and dry mass (Table 18). The leaf area was also increased under this treatment (Table 
21a) and it was at par with 60 kg ha'' thereby showimg the luxury consumption of 
phosphates. The beneficial effect of phosphorus on the leaf area has also been 
reported by Rao and Subramanian (1990) in cowpea and Reddy et al. (1991) 
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Table 50. Correlation coefficient (r) values of NR activity and leaf N, P, K contents 
with protein content at three stages in Experiments I-IV. 
Parameters 
Protein content 
Stages 
Experiments 
Vegetative Flowering Fruiting 
NRA activity 
N 
P 
K 
0.958 
0.850** 
0.897** 
0.939** 
0.907 
0.783* 
0.873* 
0.960* 
0.805 
0.900** 
0.946** 
0.839** 
NR activity 
N 
P 
K 
0.970 
0.951** 
0.939** 
0.916** 
0.489"' 
0.964** 
0.928** 
0.965** 
0.971 
0.948* 
0.905* 
0.971* 
II 
NR activity 
N 
P 
K 
0.769 
0.874* 
0.821* 
0.809* 
0.734 
0.898* 
0.805* 
0.811* 
0.796 
0.894** 
0.807** 
0.801** 
III 
NR activity 
N 
P 
K 
0.867 
0.895* 
0.880* 
0.949* 
0.882 
0.889* 
0.930* 
0.849* 
0.887 
0.880** 
0.890** 
0.913** 
IV 
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in ground nut. The importance of leaf area in terms of leaf area index as determinant 
of radiation interception has been recognized in field crops (Kumar et ai, 1997) and is 
also known to improve the rate of assimilate production per unit leaf area as reported 
by Jacob and Lawlor (1991) and as also observed under the present study (Fig. 2b). 
On the contrary, the most striking effects of phosphorus deficiency are reduction in 
leaf expansion and leaf surface area (Freedan et al, 1989) and also the number of 
leaves (Lynch et al, 1991) as may be observed under P20 which proved as deficient 
dose (Table 21a) and which is common when the concentration of an essential 
element is low and often results in limiting the yield and although under moderate or 
slight deficiencies symptoms may not be visible, but yields may still be reduced. 
While under optimum level, plant dry matter was increased (Table 18b) and in 
combination with wastewater accumulated more dry mass indicating the possible role 
of P given as fertilizer and nutrients present in the wastewater which was evident from 
higher NPK content in the leaves (Table 22b and 23). Similar increases in the dry 
matter accumulation due to P fertilizer has also been reported in chickpea by Raju and 
Verma (1984) and Khokar and Warsi (1987) who have observed that legumes show 
an evident preference of phosphatic fertilizers. It may be pointed out that the 
differences in the dry matter among different P fertilizer doses were probably caused 
due to the differences in the leaf area (Table 21 a) which enabled the plants to produce 
more photosynthates because of higher photosynthetic activity (Table 13a and Fig. 
2b) leading to more pods (Table 27b) and higher seed weight (Table 27c). In addition, 
the chlorophyll contents (Table 24a) were also improved and there are reports wherein 
insufficient P has been shown to limit chlorophyll and protein content (Usuda, 1995; 
Xuetai, 2007). 
In contrast to the direct role of nitrogen in NR activity, P in leaf tissues is 
known to be responsible for phosphorylation and release of photosynthates from 
chloroplast and oxidation of these sugars to produce more reducing power for nitrate 
metabolism (Kow et ai, 1982). In case of photosynthestic activity, deficiency of P 
was found to decrease it in spinach (Bottrill et ai, 1970), tobacco (Kakie, 1970) and 
subterranean clover (Bauma, 1967) which was also reflected under (P20) the deficient 
dose of phosphorus (Table 23a). This inhibition of photosynthesis by P limitation has 
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often been explained by depressing Calvin cycle activity in particular and also by 
decreasing the amount and activity of rubisco (Heldt et al, 1977; Lauer et al, 1989; 
Stark et al, 2000). Similarly, the decline in the stomatal conductance (Table 25a) 
leading to decrease in the photosynthetic rate (Table 24b) has also been reported by 
Xu et al. (2007). 
Legumes also require phosphorus for nitrogen fixation and if its availability is 
limited, growth and nitrogen fixation are adversely affected (Prasad and Sanoria, 
1981). Thus in Experiments II and IV, the nodule number (Table 19a) and their fresh 
and dry mass (Table 19b and 20a) were increased with increasing P levels up to P40 as 
P60 could not increase it further while the wastewater with P40 improved it. Robson et 
al (1981) had concluded that P nutrition increased symbiotic dinitrogen fixation in 
subterranean clover {Trifolium subterranean L.) by stimulating host plant growth 
rather than by exerting specific effects on Rhizobial growth or on nodule formation 
and function. Under this study similar observations were made where shoot growth 
(Table 17a) and root growth (Table 17b) were enhanced significantly under P40. There 
are instances where, it has been observed that the dinitrogen fixation by Rhizobium is 
enhanced if the plants are better supplied with P along with K (Gukova and Tjulina, 
1968, Wu et al, 1969, Mengel et al, 1974) and was also the case in this experiment 
where P doses were supplemented with K (Table 1). 
The increase in plant N concentration in response to increased P supply has 
been noted for several leguminous species (Andrews and Robins, 1969; Israel, 1987, 
1993). Consequently, application of P also proved valuable for seed protein content 
(Table 27e) due to its assured availability and utilization by carbon skeletons for 
amino acid synthesis as well as for energy rich ATP. Being a part of the protein 
molecules enhanced N levels due to the application of P (Table 22b) might have 
triggered and maintained the conversion of various organic acids (produced from 
carbohydrates during respiration) into amino acids. The strong corelation coefficient 
values of seed protein content with leaf NPK contents and NR activity at various 
stages of growth (Table 50) further strengthen our view. Beneficial effects of 
phosphorus application on seed yield and quality compared to control have also been 
reported in cluster bean by Gura et al (1996) and Bhadoria et al (1997), on LAI, 
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biological index and seed yield on Pisum sativum by Yamane and Skjelvag (2003) 
and in legumes by a number of authors including Berg and Lynd, 1985; French, 1990 
and BoUand et al, 2001. Phosphorus fertilization also increased the number of pods 
and 100 seed weight (Table 27b, c) which may be attributed to the increase in the 
number of branches and reproductive nodes and this proposition was substantiated by 
a strong positive correlation between seed yield and number of pods per plant (r = 
950**). 
5.4 Potassic fertilizers (Experiment III) 
In the present experiment also the enhanced growth characteristics (Table 28, 
29 and 32a) and nodulation (Table 30 and 31a) under K40 were observed while with 
wastewater comparatively lower dose (K20) proved beneficial as the later beside 
containing K was also rich in several other essential nutrients. The observed higher 
leaf area (Table 32a) due to K may be ascribed to its role in augmenting the cell size 
(Mengel and Ameke, 1982). It is more likely that the presence of K is essential for 
attaining full activity of enzymes which have an impact on numerous physiological 
processes. Some of them are of major relevance for the plant growth and production. 
Besides this there are several plant nutrition studies where in K has been identified as 
the only monovalent cation essential for all higher plants playing a major role in 
various physiological and biochemical processes including the photosynthesis 
(Marschner, 1971). Thus the observed enhancement of the photosynthetic activity 
measured in terms of photosynthetic rate (Table 35b) and stomal conductance (Table 
36a) besides other is justified in the light of the pioneering work of Fisher (1968) and 
Fisher and Hsiao (1969), that the mechanism of stomatal opening and closure is 
known to depend on K^ fluxes in the guard cells. Thus, a considerable decrease in the 
photosynthtic rate (Table 35b) and stomatal conductance (Table 36a) was observed in 
the plants grownn without potassium (Ko). 
Similarily the role of potassium in many physiological processes and in 
activation of number of enzymes (Mengel and Kirkby, 1980) leading to better 
development of sink was aptly demonstrated by higher number of pods plant"' 
(Table 38b) and increased 100 seed weight (Table 38c) and even higher protein 
content (Table 38e). Though the treatment K40 and Keo were similar in their effect for 
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various growth and physiological parameters and even for seed yield and 100 seed 
weight (Table 38) but the quality parameter i.e. seed protein content (Fig. 3c) was 
significantly more under the higher potassium dose (Keo)- It may be of interest to 
point out that K is often described as the quality element and the observed increase in 
the protein content with this dose is thus not surprising, as K is known to play key role 
in the transport of essential ingredients in protein to the site of the protein synthesis. 
Several studies have demonstrated the stimulation of NOs' uptake and transport when 
K is the accompanying cation compared with other cations (Blevins et al, 1978a, 
1978b; Minotti et al, 1968) which could have encouraged the protein synthesis. 
5.5 NPK fertilizers (Experiment IV) 
The optimum doses of NPK obtained in earlier three experiments were applied 
together in this experiment and it was observed that in general, lower doses with 
wastewater were equivalent and in some cases even better to the ground water in 
combination with comparatively higher fertilizer doses. The influence that one 
element makes on the other is important in plant nutrition and these may occur in soil, 
in plant or in both which has been aptly explained by Russell (1973) ''if two factors 
are limiting or nearly limiting growth, adding only one of them will have little effect 
on growth whilst adding both together will have a considerable effect. Two such 
factors are said to have a large positive interraction in such circumstances for the 
response of the crop to both together is larger than the sum of their responses to each 
separately"". It may be pertinent to point out here that there have been studies where it 
has been shown that the ionic interactions that exist in plant nutrition may be both 
synergistic and antagonistic (Coic and Lesaint, 1971; Epstein, 1972; Mengel, 1973; 
Mengel and Kirkby, 1982). The present data revealed that there was a synergistic 
effect of N, P and K when applied at their optimums and therefore, significant 
increases in growth, physiological and yield parameters were observed under the 
treatment N30P60K40 which also proved better for protein content. Although N15P60K20 
proved optimum for protein content but seed yield was decreased which was obvious 
because of the dilution factor. However, together with the wastewater the fertilizer 
combination of N15P40K40 and N15P60K20 were equally effective for seed yield as well 
as for the protein content. Thus, confirming the possible involvement of the nutrients 
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present in wastewater in supplementing them. It may be pointed out that these three 
nutrients at their optimum levels increased the root length and also enhanced the 
nutrient absorption capacity of the crop (Table 44b and 45). Thus synergistic interplay 
of the three nutrients which are known to accelerate root proliferation (Salisbury and 
Ross, 1992), thereby extracting more nutrients in the root zone lead to the 
development of larger canopies (Table 43 a) and greater dry matter accumulation 
(Table 40b) and higher NPK contents (Table 33b and 34). Similar positive 
interactions between N and P were also noted by Russell (1973) and between N and K 
by Murphy (1980). 
Similarly, the improvement in nodule number (Table 41a), their fresh and dry 
mass (Table 41b and 42a) was not unexpected as it is well known that N2 fixation by 
Rhizobium is enhanced in host plants well supplied with P and K (Gukova and 
Tjulina, 1968; Wu et al, 1969; Mengel et al, 1974). This was further strengthened by 
the positive correlations of NPK contents with seed protein content (Table 50). While 
the increased height (Table 28a) and leaf area (Table 32a) would provide better 
orientation of leaves which would help in harvesting the required quantity of solar 
energy leading to enhanced dry matter production (Table 40b), number of pods (Table 
49b) and 100 seed weight (Table 49c). Therefore, this whole sequence of events led to 
increased yield attributes thus resulted in maximizing the seed yield (Table 49d and 
Fig. 3d). This was also reflected by the positive correlation coefficient values of seed 
yield with pod number (r = 0.971) and 100 seed weight (r = 0.949). 
5.6 Plant growth pattern (Experiments I-IV) 
Apart from the effect of the nutrients on growth, yield and quality 
performance of the crop, the growth pattern at different stages were also taken into 
consideration. Among the parameters studied, shoot fresh and dry mass and shoot 
length increased progressively up to the fruiting stage (Fig. 4a and b) which is a 
common phenomenon in various cereals and pulses. While nodule number, their fresh 
and dry mass and leghemoglobin content were increased from vegetative to flowering 
stage only and thereafter it declined towards the fruiting (Fig. 4c, d, e and f)- This may 
possibly because of the fact that initially the competition for photosynthates was 
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confined to roots, nodules and aerial vegetative organs but when flowering and 
fruiting started, the resulting new sinks due to their high demand for photosynthates 
may have created shortage for the nodules, leading to their senescence or degradation 
(Fig.4c, e and f). Similar observations were made for chlorophyll content (Table 13a, 
24a, 35a and 46a), CA activity (Table 10b, 21b, 32b and 43b) and photosynthetic 
characters (Table 13b, 14, 15, 24b, 25, 26, 35b, 36, 37, 46b, 47 and 48). The decrease 
in the photosynthetic characters may be ascribed to the fact that old, senescent leaves 
eventually become yellow because of the chlorophyll breakdown and loss of 
functional chloroplast. In addition the transport of some nutrients from old to the 
young leaves to maintain their nutrient level may lead to their senescence (Greenway 
and Gunn, 1966) and hence the effective leaf area decreased (Table 10a, 21a, 32a and 
43a) and thereby declining photosynthetic rate (Table 13b, 24b, 35b, 46b) towards the 
fruiting stage. Contrary to the above mentioned parameters, NPK contents in leaves 
decreased with growth (Fig. 4g and h) and the possible reasons may be ascribed to the 
"dilution with growth effect" due to which even higher quantities of the nutrients 
appeared to be less when expressed on per unit basis (Moorby and Besford, 1983). 
Similar decrease in nutrient concentrations with age was also observed by Gomide et 
al. (1969); Rhykerd and Overdahl (1972) and by Moorby (1977). Besides, the 
translocation of nutrients towards the seeds during their formation may also deplete 
the nutrient contents of leaves at later stages. It may be pointed out that among the 
three nutrients, K was accumulated more followed by N and P. In this context, it may 
be added that in higher plants, K is the most abundant cation (Ruber, 1985) and is also 
absorbed at the higher rate by plants (Mengel and Kirkby, 1982). It may also be 
pointed out that in natural ecosystems P is usually the life limiting element due to its 
low availability. In addition, soils have low total and low plant available phosphate 
supplies because mineral phosphate forms are not readily soluble and unfortunately, 
most soluble phosphates become fixed before plants can absorb them. Tisdale et al. 
(1995) and Roy et al. (2006) also reported comparatively less concentration of P than 
N and K in plants. 
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5.7 Conclusions 
> The wastewater proved an effective source of essential nutrients and even if it 
could not supplement the whole nutrient requirement of the crop, it reduced the 
quantity of fertilizer doses and thus acted not only as a source of irrigation water 
but of nutrients also. 
> Although in several studies, carried out in the past, dilution has also been shown 
as the effective measure to minimize the negative effects of the wastewater 
irrigation due to toxicity of some salts and heavy metals but under current 
experimental conditions as the source of the wastewater was the urban sewage 
which was already sufficiently diluted to an extent that it proved beneficial for the 
crop and was better compared to GW. 
> The wastewater was also analyzed for various physicochemical characteristics that 
were within the permissible limits of irrigation water quality (Ayers and Wescot, 
1994). 
> The texture of the soil was sandy loam and also contained some essential 
nutrients, like N, P, K, Mg, Ca, CI. The pH was alkaline which is considered 
suitable for availability of most macro nutrients. 
> The presence of some pathogenic bacteria, like coliforms, salmonella and shigella 
may be a cause of concern therefore, the farmers have to be informed to take due 
care while irrigating the fields and selecting the crop to be grown. 
> Four heavy metals Cd, Ni, Cr and Pb were also undertaken for the analysis 
because they are the main constituents of local lock and electroplating industrial 
effluents and when analyzed in the wastewater except Ni, the rest of the three 
were also within the permissible limits. (Gupta et al, 2000). 
> Nitrogen at 30 kg ha"' proved optimum while 45 kg N ha"' was toxic and the effect 
was more pronounced when it was given with the wastewater. Thus 
100%WWxNi5 proved optimum and effectively increased the growth and 
physiological parameters including the seed yield and protein content. 
> Phosphorus at the rate of 40 kg ha"' proved optimum while 60 kg P ha"' was 
luxuriously consumed and 100%WWxP4o proving most suitable combination for 
both the yield and protein content. 
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> Potassium at 40 kg ha"'proved optimum while 60 kg K ha"' was at luxury 
consumption and 20 kg K ha"' was deficient when applied without wastewater. 
However, the protein content was maximally enhanced under Keo- Therefore, if 
the protein enhancement is the prime objective then the crop is to be 
supplemented with higher potassium dose. Among interactions like nitrogen, 
potassium at the rate of 20 kg ha"' together with the wastewater proved to be the 
most effective combination showing the fertilizer saving of 20 kg K ha"'. 
> Finally the two combinations, N15P60K20 and N15P40K40 together with wastewater 
were equally effective in enhancing the seed yield and protein content. 
> Shoot length, plant fresh and dry mass increased with the age while leaf number, 
nodule number their fresh mass and dry mass, chlorophyll contents, NR activity 
and CA increased up to flowering and thereafter decreased while others like NPK 
contents decreased with aging. 
5.8 Proposal for future studies 
The observations recorded meticulously in the pot experiments and spread 
over three years have in no doubt established the suitability and utility of urban 
wastewater for growing chickpea. The study also served the proposed objective of 
lowering the optimum doses of fertilizers especially in case of N and K. However, 
before recommending the doses to the local farmers for adopting in the fields regular 
monitoring of the heavy metal, salt accumulation and microbial contamination needs 
to be carried out. Therefore, these concerns should be essential components of any 
management of wastewater irrigation. In addition, an attempt may be made to record 
the following observations that could not be undertaken due to limited facilities and 
time: 
> Estimation of some more heavy metals and their uptake and concentration in 
plant parts especially in seeds which is the edible part. 
> Nitrogenase activity for assessing the N2 fixation ability of chickpea. 
> Protein quality. 
> Experiments also needs to be carried out under field conditions. 
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CHAPTER VI. SUMMARY 
The present thesis entitled "Physiomorphological response of Cicer arietinum 
L. to urban wastewater and inorganic fertilizers" comprises of following six chapters: 
In chapter I, the importance and justification of the present work were 
emphasized. 
Chapter II is the review of literature. It deals with the literature on the aspects 
of wastewater its utilization and effect on different crops including leguminous crops 
and cicer as well besides also the effect of NPK fertilizers alone on the crop under 
study. This chapter has been divided into sections for better understanding of the work 
undertaken related to present problem. 
Chapter III describes the details of the materials used in the study and 
methodology adopted to determine various characteristics recorded in the four 
experiments. Relevant information on the experimental design, location of study and 
environmental conditions during the data collection has been incorporated. The mode 
of data analysis, correlations and regression has also been given. 
Chapter IV includes the results on the crop response to various treatments 
tested during the four experiments. The results were statistically analyzed and the 
significance at P<0.05 was determined. 
Experiments I-IV 
Experiment I was conducted to assess the effect of three water treatments 
(GW, 50%WW and 100%WW) together with different nitrogen levels (No, N15, N30, 
N45). The aim of the study was to obtain the optimum dose of nitrogen with 
wastewater determined on the basis of growth and physiological parameters studied at 
vegetative, flowering and fruiting stages while the yield characteristics and protein 
content were determined at harvest. The design of the experiments was factorial 
randomized block design. Growth characteristics determined included root and shoot 
length, plant fresh and dry mass, leaf area, nodule number and their fresh and dry 
mass. The physiological and photosynthetic characteristics were leghemoglobin 
content in the root nodules, chlorophyll content, carbonic anhydrase and nitrate 
reductase, NPK contents in the leaves, photosynthetic characters including net 
photosynthetic rate, stomatal conductance, transpiration rate, water use efficiency and 
Chapter VI 
internal CO2 and finally at harvest yield characteristics determined included number 
of seeds per pod, number of pods per plant, 100 seed weight, seed yield and protein 
content. 
Maximum increase in the growth and photosynthetic characteristics were 
observed under wastewater irrigation viz., 100%WW. Among the fertilizer treatments 
N30 proved better while the higher dose could not increase it further but instead 
decreased the said parameters and resulted in decreased yield and toxicity was even 
more severe under this treatment when given along with wastewater. However a 
comparatively lower fertilizer dose of nitrogen in combination with wastewater 
(100% WWxNis) proved optimum for most of the parameters studied including the 
yield and the protein thereby showing some economy of nitrogenous fertilizers. 
Experiment II and III were conducted simultaneously during the winter season 
of 2007-08 on the same crop. In experiment II four levels of phosphorus (0, 20, 40 
and 60 kg ha"') were tested with uniform basal dose of N at the rate of 15 kg ha"' 
obtained from experiment I while K at the rate of 20 kg ha"'. Better growth and 
development including nodulation, photosynthesis and seed yield was observed under 
wastewater irrigation with maximum values recorded for 100%WW. Among the 
phosphorus doses P40 proved best while Peo was luxurious. The combination 
100%WWxP4o proved optimum combination and resulted in improved growth, 
nodulation, NPK contents and photosynthesis which finally led to increase in seed 
yield and the protein content. This optimum combination was similar in its effect with 
higher phosphorus (Peo) dose together with GW again indicating the higher 
requirment of P if the crop is irrigated with GW. 
While in experiment III, potassium treatments (0, 20, 40 and 60 kg ha"') were 
also given along with the fixed basal application of nitrogen at the rate of 15 kg ha"' 
and phosphorus at the rate of 20 kg ha"'. Here also the wastewater proved efficacious 
with better growth and development. The potassium dose K40 proved optimum for 
most of the parameters including seed yield however, maximum protein content was 
obtained under Keo- Among the interactions, 100%WWxK2o was optimum 
combination resulting in increased growth, development and yield of the crop. It was 
concluded from these three experiments that application of wastewater seems to pose 
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no harm to the crop and instead could supplement if not fully at least partly the 
nutrient requirement of the crop. 
The experiment IV was conducted in the rabi season of 2008-09 to evaluate 
the performance of the same crop under different combinations of fertilizers obtained 
from the experiments I-III. Wastewater again proved effective in increasing the plant 
growth and physiological characteristics and there by the yield and protein content. 
Among various fertilizer combinations, N30P60K40 proved more effective in increasing 
nearly all the parameters studied and also proved good for the quality in terms of 
protein content. However when interactions with wastewater were analyzed two 
combinations 100%WWxNi5P4oK40 and 100%WWxNi5P6oK2o proved equally 
effective for yield as well as protein content. 
Chapter V, results have been discussed in the light of the observations 
recorded and supported with earlier findings on the subject. Possible explanations of 
the data obtained have also been included to reach over final conclusions. 
Chapter VI (Summary) is the present chapter. It gives the glimpse of the entire 
study. It is followed by an up-to-date bibliography comprising references cited in the 
text. An appendix comprising of the composition of the reagents used during the 
experimental work, is also appended. 
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APPENDIX 
> l-Ainino-2-naphthoI-4-sulphonic acid: 0.5g l-amino-2-naphthol-4-sulphonic 
acid dissolved in 195ml 15% sodium bisulphite solution to which 5ml 20% 
sodium sulphite solution was added. 
> Alkali iodide azide reagent: 50g sodium hydroxide and 15g potassium iodide 
diluted to 100ml with double distilled water (DDW). Ig sodium azide 
dissolved in 4ml of DDW and added to the above solution. 
> Alkaline pyridine reagent: It was prepared by dissolving 0.8g of NaOH in 
50cm^ of DDW and allowed to cool. 33.8 cm^ was added to it and diluted to 
100 cm^ with DDW. This produced 4.2M pyridine in 0.2 M NaOH 
> Alkaline sodium bicarbonate solution: 16.8 g sodium bicarbonate NaHCOs 
was dissolved in aqueous 0.2M NaOH solution [0.8 g NaOH (100 cm^)''] and 
final volume was made up to 1000 cm^, by using DDW. 
> Ammonium acetate solution (IN): Dilute 57ml glacial acetic acid to 800ml 
DDW and neutralize to pH 7.0 with concentrated ammonium hydroxide and 
final volume made up to 1000ml. 
> Ammonium chloride-ammonium hydroxide buffer: (a) 16.9g ammonium 
chloride dissolved in 143ml concentrated ammonium hydroxide (b) 1.179g of 
dissolved EDTA and 0.780g magnesium sulphate dissolved in 50ml DDW. 
Both (a) and (b) solutions mixed and dilute to 250ml with DDW. 
> Ammonium molybdate solution (2.5%): (a) 25.Og ammonium molybdate 
dissolved in 175ml DDW (b) Add 280ml concentrated H2SO4 to 400ml DDW 
and cool. Mix the two solutions (a) and (b) and final volume made up to 1 litre 
with DDW. 
> Ammonium purpurate: 150mg ammonium purpurate dissolved in lOOg 
ethylene glycol. 
> Bromothymol blue (0.002%): 0.002 g of bromothymol blue was dissolved in 
sufficient DDW and final volume was made up to 100 cm^, by using DDW. 
> Conditioning reagent: 50ml of glycerol mixed in a solution containing 30ml 
concentrated HCl + 300ml DDW + 100ml 95% ethyl alcohol and 75g sodium 
chloride. 
> Cystein hydrochloride solution (0.2M): 48 g of cystein-HCl was dissolved in 
sufficient DDW and final volume was made up to 1000 cm^, by using DDW. 
> Dickman and Bray's reagent: 15g ammonium molybdate dissolved in 300ml 
warm DDW (about 60°C) cooled and filtered, if necessary. To this, 400ml 1 ON 
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HCl was added and final volume was made up to 1000ml with DDW. 
> Diphenylamine indicator: 0.5g diphenyl amine dissolved in a mixture of 
20ml DDW and 100ml concentrated H2SO4. 
> EDTA (O.OIM): 3.723g disodium salt of ethylene diamine tetra acetic acid 
dissolved in DDW and diluted to 1000ml. 
> Eriochrome black T indicator: 0.4g Eriochrome black T grind with lOOg 
powdered sodium chloride. 
> Ferrous ammonium sulphate (0.5N): 196g ferrous ammonium sulphate 
dissolved in DDW, to this 20ml concentrated H2SO4 was added and the final 
volume made up to 1000ml. 
> Ferrous ammonium sulphate solution (O.IN): 39.2g ferrous ammonium 
sulphate dissolved in DDW. 20ml of concentrated sulphuric acid was added 
and volume made up to 1000ml. 
> Folin phenol reagent: lOOg sodium tungstate and 25g sodium molybdate 
dissolved in 700ml DDW to which 50ml 85% phosphoric acid and 100ml 
concentrated hydrochloric acid were added. The solution was refluxed on a 
heating mantle for 10 hrs. At the end, 150g lithium sulphate, 50ml DDW and 
3-4 drops liquid bromine were added. The reflux condenser was removed and 
the solution was boiled for 15 minutes to remove excess bromine, cooled and 
diluted up to 1000ml. The strength of this acidic solution was adjusted to IN 
by titrating it with IN sodium hydroxide solution using phenolphthalein 
indicator. 
> Hydrochloric acid (O.OIN): 0.86ml pure hydrochloric acid mixed with DDW 
and final volume made up to 1000ml. 
> Hydrochloric acid (O.IN): 8.62ml hydrochloric acid mixed with DDW and 
final volume made up to 1000ml. 
> Hydrochloric acid (0.2N): 17.24ml HCl mixed with DDW and final volume 
made up to 1000ml. 
> Isopropanol solution (5%): 5ml isopropanol mixed with 95ml DDW. 
> Liquid ammonia (1:1): Ammonia having 0.88 specific gravity diluted with 
equal volume of DDW. 
> Manganous sulphate solution: 108g manganous sulphate dissolved in boiled 
DDW and volume made up to 200ml. 
> Methyl orange indicator (0.05%): 0.5g methyl orange dissolved in 100ml 
DDW. 
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> Methyl Red Indicator: A pinch of methyl red was dissolved in sufficient 
ethanol and final volume was made lOOcm^ using ethanol. 
> Molybdic acid reagent (2.5%): 6.25g ammonium molybdate dissolved in 
75ml ION sulphuric acid. To this solution, 175ml DDW was added and 
maintained the total volume 250ml. 
> Murexide indicator: 0.2g ammonium purpurate grind with lOOg powdered 
sodium chloride. 
> Naphthylethylenediamine dihydrochloride (NED-HCl) solution (0.02%): 
20mg naphthylethylenediamine dihydrochloride dissolved in sufficient DDW 
and final volume maintained up to 100ml with DDW. 
> Nessler's reagent: 3.5g potassium iodide dissolved in 100ml DDW to which 
4% mercuric chloride solution was added with stirring until a slight red 
precipitate remained. Thereafter, 120g sodium hydroxide with 250ml DDW 
was added. The volume was made up to 1 litre with DDW. The mixture was 
filtered twice and kept in an amber coloured bottle. 
> Olsen's reagent: 42.0g sodium bicarbonate dissolved in 1000ml and DDW. 
The pH was adjusted to 8.5 with the addition of small quantity of sodium 
hydroxide. 
> Phenol disulphonic acid: This was prepared by taking 25g pure phenol 
(C6H5OH, crystal white) in a conical flask (500ml) to which 150ml 
concentrated H2SO4 and 75ml filming sulphuric acid were added and kept on 
boiling water bath for 2 hours. After cooling, it was stored in an amber 
coloured bottle. 
> Phenolphthalein indicator: 0.5g phenolphthalein dissolved in 50ml of 95% 
ethanol and add 50ml DDW. Add 0.05N CO2 free NaOH solution drop wise 
until the solution turns faintly pink. 
> Phosphate buffer (O.IM) for pH 7.5: (a) 13.6g potassium dihydrogen ortho 
phosphate dissolved in sufficient DDW and final volume made up to 1000ml 
with DDW (b) 17.42g dipotassium hydrogen ortho phosphate dissolved in 
sufficient DDW and final volume maintained up to 1000ml with DDW. 160ml 
of solution (a) and 840ml of solution (b) were mixed for getting phosphate 
buffer. 
> Potassium chromate indicator (5%): 5g potassium chromate dissolved in 
DDW and final volume made up to 100ml. 
> Potassium dichromate solution (0.25N): 12.259g potassium dichromate 
dissolved in DDW and final volume made up to 1000ml. 
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> Potassium dichromate solution (IN): 49.04g potassium dichromate 
dissolved in 1000ml DDW. 
> Potassium nitrate solution (0.2M): 2.02g potassium nitrate dissolved in 
sufficient DDW and final voliune maintained up to 100ml with DDW. 
> Reagent A: 0.5% copper sulphate solution and 1% sodium tartarate solution 
mixed in equal volumes. 
> Reagent B: 50ml 2% sodium carbonate solution mixed with 1ml reagent 'A'. 
> Silver nitrate solution (0.02N): 3.4g silver nitrate dissolved in DDW and 
diluted to 1000ml. 
> Sodium hydroxide solution (O.IN): 4g sodium hydroxide dissolved in 
1000ml DDW. 
> Sodium hydroxide solution (IN): 4g NaOH dissolved in DDW and final 
volume made up to 100ml. 
> Sodium hydroxide solution (2.5N): lOOg sodium hydroxide dissolved in 
1000ml DDW. 
> Sodium hydroxide solution (6N): 24g NaOH dissolved in sufficient DDW 
and final volume made up to 100ml. 
> Sodium phosphate buffer (O.IM): It was prepared by separately dissolving 
13.9g of NaH2 PO4 and 26.82g of Na2HP04 in sufficient DDW to make the 
final volume of each solution to 1000 cm^. These solutions were mixed in the 
ratio of 19:51, respectively. 
> Sodium phosphate buffer: 27.8 g NaH2P04 and 53.65 Na2HP04 was 
dissolved each separately in sufficient DDW and final volume was made 1000 
cm^. 51 cm'' of NaH2P04 and 49 cm^ of Na2HP04 were then mixed to get the 
required solution. 
> Sodium Silicate 10%: lOg sodium silicate dissolved in 100 cm^ DDW. 
> Sodium thiosulphate solution (0.025N): 6.2g sodium thiosulphate dissolved 
in 1000ml DDW. 
> Stannous chloride solution: lOg crystalline stannous chloride dissolved in 
25ml concentrated HCl by warming, and then stored in an amber coloured 
bottle, giving 40% stannous chloride stock solution. Just before use, 0.5ml was 
diluted to 66ml with DDW. 
> Starch indicator: Ig starch dissolved in 100ml warm (80-90°C) DDW and a 
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few drops of formaldehyde solution were added. 
> Sulfanilic acid solution: 600mg sulfanilic acid dissolved in 70ml warm 
DDW. After addition of 20ml concentrated HCl, the volume was made up to 
100ml. 
> Sulphanilamide solution (1%): Ig sulphanilamide dissolved in 3N 100ml 
hydrochloric acid. 
> Sulphuric acid (O.OIN): 0.272ml sulphuric acid diluted in DDW and final 
volume made up to 1000ml. 
> Sulphuric acid (0.02N): 0.544ml sulphuric acid added to DDW and the final 
volume made up to 1000ml. 
> Sulphuric acid (7N): 190.4ml concentrated sulphuric acid added to DDW and 
the final volume made up to 1000ml 
> Sulphuric acid solution: 500ml concentrated H2SO4 added to 125ml DDW 
and cooled. 
